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THE AUTHOE'S PEEFACE 

TO THE GERMAN EDITION 

In the course of a number of years, during which 
I had the honour to act as assistant to Prof. Emil 
Chr. Hansen at the Carlsberg Laboratory, and to 
assist him in the practical courses of instruction 
conducted there from time to time, the wish was 
frequently expressed by students to have at their 
disposal a handbook which would contain an ade- 
quate description of the fittings, apparatus and 
methods of a fermentation laboratory, as well as 
of the biology of the organisms of fermentation ; in 
short, a guide by means of which the usual experi- 
ments of such a laboratory can be carried out. A 
similar request reaching me from the well-known 
publisher. Max Waag, of Stuttgart, I could but con- 
clude that a real necessity existed for such a book. 
The contents of the present work are divided 
into three sections. The first of these contains 
a description of the manner in which the science 
of the organisms of fermentation has gmdually 
developed ; at the same time, an indication is 
given of the most important steps which have 
marked the progress of our science. 
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The second section describes the fitting up of 
the laboratory and all that is necessary for con- 
ducting work. Laboratory methods are then 
explained, special attention being given to the 
preparation of pure yeast cultures in large quanti- 
ties. Finally, the third section treats of the most 
important micro-organisms of the alcoholic fer- 
mentation industry. The book thus deals with 
that domain in which Hansen has opened up so 
many new paths. 

For each section there is a bibliography which 
embraces the most important researches, and con- 
tains explanatory notes. The literature after 
1st January, 1900, could not be included. In 
certain cases I have made experiments for the 
sake of confirmation, and have quoted some re- 
sults not hitherto published. 

The branch of the fermentation industries with 
which my book is chiefly concerned is that of 
brewing, which was the first to make use of Han- 
sen's pure culture system, and hence to adopt a 
rational mode of working. Brewing has thus, to 
a certain extent, become the model for the other 
branches of the alcoholic fermentation industry. 
The science of the organisms of fermentation as 
set forth in this book deals, however, not only 
with practical applications, but also with import- 
ant theoretical aspects of chemistry and botany. 

ALB. KLOCKER. 

Copenhagen, January 1900. 



PREFACE TO THE ENGLISH TRANSLATION 
BY PROFESSOR ADRIAN J. BROWN, M.Sc, F.I.C. 

A VERY considerable and rapidly increasing amount 
of attention is now being given in this country 
to Technical Microbiology in its relation to the 
fermentation industries, and consequently there 
is a growing demand for sound textbooks on the 
study of the '* fermentation organisms" for the 
use of students who are taking up this special 
branch of work. But it is continually being 
forced on the notice of the writer, whose work 
is intimately connected with the teaching of 
Microbiology, that this demand is very inade- 
quately satisfied at present. Whilst we are almost 
too well supplied with textbooks on Bacteriology 
as related to the organisms of disease, the num- 
ber of books in our own language dealing with 
the subject of "fermentation organisms" is very 
limited, and this is especially the case with 
works describing the more modern developments 
of experimental method connected with the 
study of these organisms. For this reason the 
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publication of an English translation of Herr 
K locker's Gdmngsorganutnien, a work specially 
tlevoted to the treatment of laboratoiy methods 
employed in the study of "fermentation organ- 
isms," should be welcomed by all teachers and 
students of Technical Microbiology, for they have 
now placed in their hands a book which cannot fail 
to be of great assistance to them. The special 
merit of this book requires no recommendation 
here, for it is written by one who is a specialist in 
his subject, and whose name is well known, not 
only for his own valuable researches, but also as a 
distinguished assistant of the illustrious Dr. Emil 
C. Hansen, to whom every one connected with 
technical fermentation in this country and abroad 
is so deeply indebted. The translators of the work^ 
Mr. J. H. Millar and Mr. G. E. Allan, have been 
most successful in the performance of their task^ 
and we congratulate them on a volume which 
should be the laboratory companion of every 
student of Technical Microbiology in this country. 
We believe also that this book will be a useful 
addition to the library of the pathological bac- 
teriologist. Pathological bacteriology, owing to 
its phenomenal growth, is inclined to forget its 
jiast history and lose all connection with the 
older branch of microbiology from which it origin- 
ally sprang. We think it will be found that the 
development in method of experiment and research 
in connection with the study of "fermentation 
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organisms" still deserves the careful attention 
of bacteriologists, and confidently recommend this 
book to their notice. 

ADRIAN J. BROWN. 

School of Malting and Bbewino, 
The University, Birmingham, 
16^^ October, 1902. 



The translators desire to express their best thanks 
to Mr. T. H. Pope for his great assistance in 
reading the manuscript and proofs of this trans- 
lation duiing its progress through the press. 
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SECTION I. 

INTRODUCTION.! 

In this text book the author has endeavoured to give a 
review of the biology of fermentation organisms in relation 
to the use of these organisms in fermentation industries, 
and especially in the manufacture of beer. In spite of 
this limitation, however, the contents are of very varied 
character, and branch off in different directions. The book 
is not a text-book of the chemistry of fermentation or of 
technical fermentation in the ordinary sense of the term. 

For the high degree of development to which our 
knowledge of the fermentation organisms has attained we 
are indebted to a large number of investigators whose 
work has been steadily progressing for many years. To 
understand the development of our science up to the 
present day, let us, in what follows, glance back along 
the path traversed, and note its turning points, each one 
of which has been productive of practical results, the value 
of which is recognised at the present day. The beginning 
was, of course, first made when the microscope came into 
use. This apparatus, so indispensable for the examination 
of fermentation organisms, was invented in the year 1590, 
but Leeuwenhoek, in Holland (1632-1723), was the first to 

* The bracketed numbers given in this section relate to the bibliography 
4it the end of the book. To the latter we have appended explanatory 
notes bringing in many amplifications and explanations which could not 
find a place in this short introduction. 
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2 FERMENTATION ORGANISMS 

employ it in making a close study of these forms of life. 
He was followed by a number, of distinguished miax)- 
scopists who all, more or less, added to our knowledge of 
the natural history of micro-organisms. All these were 
descriptive and systematic morphologists and not experi- 
menters. Of the moi'e distinguished microscopists who 
followed Leeuwenhoek we may mention the names of Otto 
Friedrich Midler (1730-85), in Denmark, and Ehrenberg 
(1795-1876), in Germany. 

In the year 1822 Persoon gave to yeast the systematic 
name Mycoderma, a designation which seems to indicate 
that he regarded it as a fungus (mycoderma signifies fungoid 
film). 

About the same time — in the middle of the tliirties — 
Cagniard Latour (V. 1, 2), Schwann (VI 1, 2) and Kiitzing 
(VII.) stated expressly that yeast is a plant. Meyen agreed 
with this view and gave to the new genus the systematic 
name of Saccharomyces (i.e., sugar fungus) which it has 
since retained. 

Considering the state of knowledge at that time, very 
valuable contributions to the natural history of yeast 
fungus were made by Eilhard Mitscherlich. It is evident 
from a paper published by him in 1841 (IX. 1), that this 
investigator recognised the substance invertin. In 1843 
(IX. 2) he read a paper on the multiplication of yeast ; he 
had observed under the microscope the phenomenon of 
budding, and had followed the development from a single 
cell. 

Schwann, Cagniard Latour and Kiitzing expressed the 
opinion that it is the living yeast cell which excites 
alcoholic fermentation. In direct opposition to this vital- 
istic theory, Justus v. Liebig (1839-40) came forward with 
his theory of mechanical decomposition (VIIL 1). Accord- 
ing to Liebig, every fermentation consists of molecular 
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motion which is transmitted from a substance in a state 
of chemical motion, that. in, of decomposition, to other sub- 
stances the elements of which are loosely bound together. 
In his last work on fermentation (VUL 2), he sought to 
bring this theory into agreement with the observations of 
Louis Pasteur on auto-fermentation. Liebig's explanation 
of the latter is that the cells contain a decomposing sub- 
stance which produces sugar for the auto-fermentation. 
Although he at first looked upon yeast as a lifeless mass, 
an albuminoid compound, yet he came gradually to the 
view that it consists of living cells. But, in his opinion, 
there could be no question of fermentation being a physio- 
logical process: in this respect he held to his chemical 
conception. 

At that time a vigorous dispute was taking place 
between the followers and the opponents of the doctrine 
of generatio sequivoca, i.e., of spontaneous generation. 
Let us look somewhat closer at this doctrine. By spon- 
taneous generation we understand the development of 
organisms from lifeless material without eggs, seeds or 
embryos. Needham (1745), an energetic supporter of this 
doctrine, was the first to make experiments endeavouring 
to prove it. For this purpose he heated meat extract in 
closed flasks, and, on organisms appearing in the flasks, he 
assumed that they had been produced by spontaneous 
generation. 

Spallanzani (1765) showed, however (I.), that cei^tain 
en*ors were made in these experiments ; he sealed his 
flasks hermetically and boiled them for an hour, after 
which treatment no development of micro-organisms could 
be observed. From his experiments he concluded that the 
" eggs " of the micro-organisms are present in the air and 
only develop after they have found their way into the liquid. 

On these experiments the foundation of the technique 

1* 



4 FERMENTATION ORGANISMS 

of Hterilisation was laid, and a substantial addition made to 
the methods of cultivation. 

The Swedish chemist and apothecary Scheele put 
Spallanzani s experiments to practical use in the sterilisa- 
tion of vinegar by heating (11,). Appert, in France (1810), 
went a step further and used the method for preserving 
soup, beer, wine, etc. (III). 

In 1836-37 Franz Schulze (IV.) and Theodor Schwann 
(VI. 1) published the results of researches in which they 
sought to prove that air, when freed from its germs, that 
is, rendered sterile, can come into contact with a sterilised 
nutritive liquid without micro-organisms developing in the 
latter. The experiments of the last-named investigators 
were made in the following way : flasks containing nutritive 
liquid were closed with plugs fitted with bent glass tubes 
through which sterilised air was sucked. In order to free 
the air from its germs, Schulze passed it through sulphuric 
acid whilst Schwann subjected it to a high temperature. 
Their opponents, however, would not accept such proofs, 
but asserted that, in these experiments, the air had been 
violently treated, and, as a consequence, had suffered such 
a change that the inert matter could no longer be vitalised 
by contact with it. 

Then in 1854 H. Schroeder and Th. v. Dusch (X.) showed 
that air can be freed from germs by filtration through 
cotton wool ; thus the above-mentioned contention was 
disposed of. In fact, this method is still employed when 
we wish to sterilise air. 

Belief in generatio sequivoca, however, did not yet 
die out. Not until 1860 was the victory won by Pasteur (XI. 
4), who exposed all the failings of the experiments made 
by his opponents to prove the existence of spontaneous 
generation ; in every case without exception he could prove 
that either an omission or an error had been made. In 
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consequence of these brilliant researches the theory of 
generatio SBquivoca fell more and more into ill repute. 
Up to the present time no single case of spontaneous 
generation has been experimentally proved. 

It has been remarked above that the principles of steri- 
lisation and also a substantial part of our culture methods 
are the result of the experiments made in relation to the 
doctrine of generatio sequivoca. For the recent develop- 
ment in this direction we are indebted chiefly to Pasteur 
and his school. The appearance of Pasteur marks a very 
great and important epoch. 

Besides the above researches relating to the doctrine of 
spontaneous generation, we might also refer to another of 
Pasteur's important researches which interests us here, viz., 
his investigation on lactic acid bacteria (1857). He de- 
scribes lactic acid fermentation and linds microbes, which, 
as he assumes, cause this fermentation in milk (XI. 1) ; 
later on he mentions the same fermentation in beer and 
worts. He further proved (1861) that butyric acid fer- 
mentation is brought about by a special micro-organism 
(XI. 5). In addition we might mention his researches on 
acetic acid fermentation (1864 and 1868). Kiitzing had 
shown in 1837 that this fermentation is caused by a 
bacterium (VII.); but important progress in this direction 
was first made when Pasteur published his experimental 
studies on the subject (XI. 7). 

Pasteur also made (1861) the discovery that certain 
micro-organisms thrive in the absence of free oxygen (XI. 
5). He calls such forms anaiirobic to distinguish them 
from those organisms to which free oxygen is necessary 
and which he terms aiirobic. 

In 1807 Chaptal had announced that the formation of 
a film on the surface of wine always precedes the souring 
of the wine ; and, as already stated, Kiitzing had described 
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the acetic acid bacteria (VIL), which form acetic acid in 
beer an<l wine ; but Pasteur was the first to spread the 
idea that l)acteria excite diseases in fermented liquids 
(XI. H). 

The metho<i of preservation invented by Scheele and 
Api)ert is, thanks to Pasteur s works, becoming of increasiog 
practical value. His name has also been connected with it, 
as the method is known as "Pasteurisation". 

Pasteur's doctrine that bacteria are responsible for the 
diseases of fermented liquids gave rise to a demand for 
the use of pure yeast. Pasteur communicated (XI. 8) a 
process for the purification of brewer s yeast, recommend- 
ing that it should be cultivated either in sugar solution 
with the a<lditiou of tartaric acid or in wort containing a 
small (quantity of carbolic acid. He seeks thus to gain the 
desired end by chemical means. (In most cases indeed 
this process is successful as a means of purifying the yeast 
from bacteria.) It was then unknown that some of the 
mast dangerous diseases of fermented liquids are brought 
about by foreign, " wild " yeasts, and that this process 
favours these particular forms at the cost of the good 
yeast, as was shown later by Emil Chr. Hansen (XIX. 
2, 3, 0). In fact the Pasteur process led in a direction 
exactly opposite to that in which the desired end lay. 

A practical consequence of the doctrine of bacterial 
<lisea.ses was the construction of apparatus by means of 
which it was attempted to keep the living germs present 
in air away from the brewery worts, and so to ward off 
any bacterial infection which might be contracted in this 
way. For this purpose Velten, a co-worker of Pasteur s, 
constructed closed cooling apparatus for the aeration and 
cooling of worts. That this apparatus did not then come 
into general use was a simply conseijuence of the fact that, 
as mentioned above, the yeast which was added to the 
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carefully cooleil worte was not pure in the sense in whicli 

we, in the light of Hansen's' work, now use this expression. 

The repla<5einent of the old cooling vessel by the new 

apparatus could only be of real use when a yeast was 

obtained which could be depended on. 

Pasteur had (XL 2, 3) from the beginning of his career 
combated the mechanical decomposition theory of Liebig. 
His investigations had led him, like Schwann, to the result 
that alcoholic fermentation only begins when yeast cells are 
present and that it is not possible to bring about fermenta- 
tion by the mere use of a constituent of the yeast or even 
by means of chemical agents. " Fermentation," said 
Pasteur, " is life without air," and he believed that it is the 
wdnt of oxygen that makes the yeast cells exciters of 
fermentation, these then taking oxygen from the sugar and 
thereby producing the peculiar decomposition. Pasteurs 
theory has not, as we shall see later, stood the test of time. 
Nageli (1879) in the main supports Liebig (XVIIL). He 
expresses his molecular-physical theory in the following 
words : " Fermentation is the transference of the conditions 
of motion of the molecules, atomic groups and atoms of 
the various compounds constituting the living plasma, to 
the fermenting material, in consequence of which, equili- 
brium in the molecules of the latter is destroyed, the result 
being their disintegration ". 

Traube's enzyme theory (1858) may be referred to here 
(XII.). According to this theory fermentation is explained 
as an effect due to the various enzymes coiitaincMl in yeast 
and not to the yeast cell itself. This theory has lateh' 
been confirmed by the discoveries made by Emil Fischer 
and Ed. Buchner in the chemistry of fermentation. 

E. Fischer's investigations (XXIII. 1, 2) on enzymes 
have not only brought to light new and important facts, 
but have also pointed to quite new views as to the nature 
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of the processes concerned, and Ed. Buchner (XXV.) by 
submitting yeast cells to high pressure, succeeded in 
obtaining an extract capable of producing fermentation 
in solutions containing sugar. Thus the actual processes 
of fermentation are now, like enzyme action, included in the 
domain of organic chemistry. 

Pasteur closed his studies • in fermentation with his 
book. Etudes sur la Biere (1876), and proceeded to other 
fields of investigation where, as is well known, he gained 
still greater renown. 

A few years previously (1870) the descriptive botanist 
and microscopist. Max Reess, had carried out a researcli 
(XIV.), which, considering the then state of the science, 
must be regarded as of importance. The spore formation 
discovered (VI. 2) by Schwann (1839), and observed later 
(1868) by Jules de Seyues (XIII.) in some of the fungi of 
alcoholic fermentation, was found by him to occur in many 
different species. He regarded this as the most important 
distinguishing cliaracteristic of the genus Saccharomyces. 
Later investigations have confirmed the correctness of this 
view. On the other hand his statements of the conditiom* 
of this spore formation must be regarded as erroneous. 
He distinguished the species according to the appearance 
of the cells. He did not recognise the pure culture and 
could not therefore deal experimentally with the question 
of species. He used the form of the cell as the dis- 
tinguishing character of the species, calling the ellipsoidal 
cells "Sacch. ellipsoideus," the sausage-shaped, "Sacch. 
Pastorianus," etc. It was proved later by Hansen that one 
and the same species of yeast can occur in all these 
different forms, and that, consequently, the shape of the 
cell cannot be applied in this way. The Reess species 
have therefore not found acceptance in modern experimental 
science. 
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We have now reached that point where interest was. 
lost in the theoretical as well as in the practical side 
of the question. The technologists felt themselves deceived 
hy the expectations aroused by the above researches on 
yeast. The facts taught them by science did not hold good 
in practice, and often, indeed, their position became pre- 
carious. Large sums of money were lost in the breweries, 
on account of accidents during fermentation, accidents the- 
causes of which could not be explained, and against which 
precautions could not be taken. The yeast was spoken of 
as something mystical. The view of the science at that 
time (1884) was depicted in the following expression of 
Thausing's (XXII.) : " Science has given us fine researches 
on fermentation organisms and on the nature of fermen- 
tation, but it has yielded almost nothing of direct value to 
the brewery ; now, as before, the procefe of fermentation, so- 
far as practical application is concerned, is veiled by a mystic 
darkness. The investigations of Hansen on the culture of 
pure yeast entitle us to great hopas ; if they do not lie we 
are near the attainment of au end the importance of which 
cannot be sufficiently valued. In the first place, however, 
we have to reckon with the state of aflfairs as they stand 
at present." Similar pronouncements had already l^een 
made by Holzner (XVII.) and Lintner (XX.). 

Some years before this Hansen had published some of his 
investigations ; but only now was attention directed to him. 
x\s botanist Hansen began and completed the reform which 
inaugurated the new era in the biology of the fungi of 
alcoholic fermentation, and also in fermentation technique 
as a consequence of the practical results achieved. 

In 1880 and 1881, he conducted experiments on the 
micro-organisms occurring in air at various times of the 
year. During these researches he observed a characteristic 
which enabled him to decide whether a flask contains a pure 
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culture of a yeast fungus or not, and on this he founded his 
tirHt pure culture method. At the same time he began his 
experiments on the diseases produced in beer by yeast 
fungi, and expressed the belief that the wild yeast forms 
sometimes produce as great disturbances in fermentation 
industries as bacteria do. A little later he arrived at new 
points of view for the investigation of species, and indicated 
the outlines of spore analysis. The results of these pioneer 
investigations are to be found as short notes interspersed 
throughout his second treatise on the micro-organisms of the 
air (XIX. 2) which appeared at the beginning of 1882, but 
reniaiuod unnoticed at the time. His treatises published in 
1888 formed, however, the real turning point (XIX. 3). At 
this time he had probed these questions to such a depth, 
that he was able to inaugurate a reform in theoretical as 
well as in practical relations. 

In connection with pure culture methods, we have men- 
tioned in the foregoing that Mitscherlich (IX. 2) had, in 
1848, observed the budding of single yeast cells under the 
microscope. Of his successors Brefeld (1874) deserves par- 
ticular mention as the one who brought to a high degree of 
perfection this method for studying the morphology and 
life history of different fungi (XV. 1, 2). But the procedure 
followed by these investigators did not suflBce when abso- 
lutely pure cultures of micro-organisms were required in 
large (juantities such as are necessary for physiological 
experiments ; the requirements are then quite different, 
and accordingly the ettbrts of the subsequent investigators 
were specially aimed at working out a process to suit this 
<5aae. 

Here we must place in the front rank Lister (1878), who 
sought to prepare pure cultures of lactic acid bacteria by 
distributing them in the culture liquid (XVL). He diliited 
<lown until only some of the culture flasks contained a 
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growth, and from, this he then infers that the flasks which 
show development each contain a pure culture. 

But this method affords no security, and Hansen there- 
fore, in 1880-81, worked out his first method, which has 
been referred to above. He made the important observa- 
tion that the yeast cells, after they have been well shaken 
up in the flask containing nutrient liquid, sink to the bottom, 
and form there distinct and well-separated spots of yeast. 
Examination showed, as was to be expected, that those 
flasks, in which only a single yeast spot had developed, 
<;ontained a pure culture. This observation was a consider- 
able step forward. With this method Hansen combined 
<5ell-counting by means of a cover glass divided into squarea 
This rendered it possible to sow a single cell in each flask, 
and an exact method of preparing pure cultures in large 
<[uantities was thus obtained. 

At the same time Robert Koch published his investi- 
gations on pathogenic bacteria, and, like Hansen, he felt 
the need of a satisfactory pure culture method for the pre- 
paration of mass cultures. Nutrient gelatine was brought 
by him into extensive use in bacteriology (XXI. 1). His 
Hrst methoil (1881) for pure culture consisted in dilution 
in nutrient gelatine. Before the viscous gelatine had com- 
pletely set, it was stroked with the point of an inoculation 
needle which had previously been in contact with the 
j^'owth from which the required pure culture was to be 
prepared. The last streak made in this way may contain 
isolated colonies. The method was, as one can see, a very 
imperfect one, and Koch soon introduced another, riz., 
that of plate cultures (1888) (XXI. 2). In this method Du^ 
germs are distributed in liquefied gelatine, and are, by tliis 
means, more thoroughly dispersed. Like Hansen, Koch 
also observed the single spot; but the last-named method 
is not so sure as that of Hansen, in which the cells can be 
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more uniformly distinbuted owing to the use of a liquid 
nutrient medium. In Koch s plate culture a colony very 
fre(|uently showed itself to have been derived from mor& 
than one cell ; the possibility consequently arises that 
several species may be mixed together in one colony. 

Shortly after Koch had communicated his plate culture 
method, Hansen publishe<l his second pure culture method 
(XIX. 4, 5). The dilution, in this case, is carried out in 
nutrient gelatine, but the starting point is from the single 
cell which is controlled under the microscope. With respect 
to their accuracy, Hansen s two methods are equally good^ 
the sulwtitution of gelatine being made as it appreciably 
lightens the work connected with the preparation of the 
pure culture. 

From the above it is plain that Koch s method does not 
conform with the recjuirements strictly necessary for a 
starting point, as does that of Hansen, since the latter 
starts from a single cell. With bacteria, however, this 
cannot be entirely carried out. Koch*s method is mucli 
mon; suitable for separating the various elements of mixed 
cultures, so that one does not isolate only that kind which 
occurs most fre(|uently, but also most of the others. His 
method also accjuired the distinction of bringing nutrient 
gelatine intr) general use as a culture medium; from the 
appearance which the growths have on this medium, the 
characters of the species can to some extent be made out. 

In course of time the numljer of species — belonging to 
various divisions of the fungus system — which were treated 
in Hansen's investigations on the organisms occurring in 
beer and beer worts became very large. His first treatise 
(XIX. 1) on fermentation organisms was published in 1879. 
Among bacteria, he made a special study of those of vinegar. 
He explains hitherto unknown differences in form, and shows 
how to recognise the conditions causing these variations. 
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What we know of the morphology of these species is due 
chiefly to him (XIX. 9). He further studied mould fungi 
and the fungi of alcoholic fermentation generally, but more 
especially the Mucors and the Saccharomycetes. His ex- 
perimental researches on this subject are contributions to the 
general biology of the whole of the fungi (XIX. 8). As an 
example we might cite his researches on the circulation in 
nature, on the life cycle and on the conditions for spore and 
film formation. He gives definite methods for bringing into 
play the last-named functions, so that what was formerly 
entirely beyond control can now be brought about with 
certainty. There might be named, in addition, his researches 
on the germination of spores, on the relation between the 
form of the cell and the conditions of culture, on the limits of 
life of cells, using different methods of preservation, on the 
behaviour of species towards the sugars, etc. These inves- 
tigations became likewise of immediate importance for the 
recognition of species ; new points of view were here brought 
to light, and this question was sifted to a depth not hitherto 
attained The above-mentioned group of investigations 
showed that the Saccharomycetes, under certain methods of 
treatment, appear with constant characteristics, and that we 
can here, as with other fungi, make a separation into species, 
a point which was doubted by several investigators at the time 
when Hansen began his work. Another part of Hansen's 
work treats of variation (XIX. 8). He shows how, under 
certain conditions of culture, the characteristics can vary, that 
these variations are either temporary (variation of the cell 
form, variation of alcohol production) or permanent, and 
how the latter retain their characteristics through endless 
generations and under all methods of treatment (spore- 
less and filmless varieties). Theoretically these inves- 
tigations are of special interest as showing that, in the 
apparent irregularity of the variations, conformability to 



14 FERMENTATION ORGANISMS 

law prevails. For the fermentation industries their im- 
portance lies in the fact that they show how new and 
permanent races can be prepared with certainty. 

Having mentioned, in the foregoing, chiefly the theo- 
retical works of Hansen, we will now give a review of his 
practical investigations. But, in fact, we can draw no 
sharp line, since here theory and practice constantly go 
hand in hand. Practical difficulties, with which the two 
Carlsberg breweries and also the Tuborg brewery in Copen- 
hagen had to contend, induced Haasen, confident of success^ 
to strive with all his energy to effect a fundamental reform. 
The practical conse(|uence of his theoretical investigations 
was, on the one hand, the elimination of the disease yeasts ; 
on the other, the separation of the culture yeast (the Sac- 
charomyces cerevisise of former investigators) into several 
species and races, and, finally, systematic choice from the 
latter. This choice forms the most substantial part of 
Hansen's pure culture system, and was based on the study of 
these species from new points of view. Finally, he worked 
out a new method for the analysis of brewery yeast (XIX. 10). 
It was then made clear how very different these species and 
races are, and how each gives a special character to the 
li(]uids fermented by it. The great differences of the yeast 
showed themselves in a surprising manner, especially when 
the so-called wine yeast, Saccharomyces ellipsoideus, was 
separated into its systematic units. 

Hansen published, in 1883, not only theoretical con- 
siderations, but, at the same time, the results of experiments 
which he had carried out in the old and new Carlsberg 
breweries in Copenhagen. His new system was worked 
out to the smallest details, and had also been tested in 
practice, so that it could be applied at once without any 
preliminary experimenting. As one may gather from the 
above, Hansen himself introduced his system for the bot- 



INTRODUCTION 15 

torn fermentation breweriea This system spread (juickly 
into different countries and found an entrance not only 
into the breweries, but gradually also into the spirit and 
pressed yeast industries, and the manufacture of wine. 

The relation between Pasteur's and Hansen's work in 

this respect was clearly and forcibly expressed by Delbriick 

in a lecture (XXIV.) delivered in Berlin in 1895 : " Looking 

back on the last twenty-five years, there are two great 

epochs marking the scientific development of brewing: 

Pasteur s work, which was done after 1870, and which ift 

adopted in principle when we nowadays strive, by the 

setting up of cooling vessels, to ward off external infection, 

forms one epoch ; Hansen's, the other. But Pasteur's 

attempts could not lead to a fruitful issue, because one 

link was missing which was furnished by Hansen in his 

systematic choice of pure yeast. These two men and their 

discoveries have been the moving forces of the last decade, 

and have brought brewing to what it is to-day." 

By Hansen's discoveries, the subject of micro-biology 
and fermentation technique here treated was given new 
life, and an impulse was imparted to the formation of a 
rich literature. From that time onwards, the interest of 
technical fermentation laboratories is claimed especially by 
the Saccharomycetes ; and now new laboratories for promot- 
ing the industry are being erected in which biologists work 
side by side with chemists, where formerly the latter mono- 
polised the whole field of work. An ever increasing lx)dy 
of distinguished investigators has taken up the subject, and 
their names and work will be given in the following 
sections, where the subject, as reviewed in this introduc- 
tion, will now be examined more closely and treated in 
fuller detail. 



SECTION 11. 

THE LABORATORY.! 

Micro-biology has, during its work in the service of the 
alcoholic fermentation industries, developed a special tech- 
nique and elaborated special methods; its research has 
assumed a character of its own, as may indeed be seen in 
the fitting up and in the apparatus of the laboratories which 
ai'e now to be found in many places, sometimes as private 
laboratories, sometimes as state institutions. Some are 
purely for research, as, for example, that at Carlsberg, and 
their work is to promote the science of fermentation 
organisms by scientific investigation in a theoretical and 
practical direction ; others, and the most belong to this 
class, are designed to serve practical men by furnishing 
them with analyses, and providing them with pure cultiva- 
tions of selected species and varieties of yeast. Laboratories 
for the study of fermentation organisms are now also to 
be found attached to a number of the technical colleges 
(Hoclischulen). These were set up for educational purposes 
after it had been recognised what an important influence 
the study has on the scientific instruction and on the indus- 
trial activity of the manufacturer. 

As the number of laboratories increased, and according 
as they were constructed for the study of special branches 
of the fermentation industry, the outfit which had been 

> The bibliography will be found at the end of the book. 
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formerly characieristic of these laboratories naturally ex- 
perienced changes in regard to fittings, etc. The influence 
of the individual opinion of different managements also 
contributed to these changes. For the following description, 
which comprises only the biological part and not the 
chemical, we have taken as a pattern sometimes the Carls- 
berg laboratory, sometimes certain brewery laboratories 
fitted up for purely practical purposes, which the author has 
had an opportunity of inspecting; brewing is chosen by 
preference to exemplify the application of the methods in 
practice. In general this description applies also, as may 
be supposed, to those laboratories which are associated with 
other branches of the fermentation industry. 

I. — Fittings and Apparatus. 

1. — General Principles for fitting up the Laboratory. 

In many cases, when a laboratory of the physiology of 
fermentation has to be fitted up, the site will have been 
fixed so that there is no choice ; the best has therefore to be 
done with the space at one's dispasal. If there is any choice 
in the matter, a site facing the north is to be preferred, as 
sunlight is not only very troublesome in microscopical work, 
but is also fatal to most micro-organisms. Further, it is 
also very much to be recommended in cases where there is 
sufficient room, that the space be divided in such a way that 
there is a small room to be used only for work with yeast 
and bacteria, and a larger one in which are placed the 
microscope table, cupboards for cultures and apparatus, a 
working bench, etc. ; work on moulds, for example, might 
be performed on the last named. The conidia of moulds, 
being developed on the exposed surface of the nutrient 
medium, cannot be retained by the liquid, and, on account 
of their lightness, are very easily carried about by the air 
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from place to place. Special precautions are therefore 
necessary when working with moulds ; the best way is, as 
said before, not to work with moulds in the same room 
where yeast and bacteria are being studied. 

It is therefore necessary to provide a place as free from 
dust and germs as possible. For dust always contains 
germs of micro-organisms — of bacteria as well as of moulds 
and yeasts. The surface of all fittings in the laboratory 
should therefore be as smooth as possible, without project- 
ing corners or hollows in which dust can settle. There 
ought to be at hand no more apparatus than is a))solutely 
necessary : cultures and apparatus should therefore iisually 
be kept in cupboards: only those objects should stand on 
the tables which are being used at the time, and these 
should be put away again after use. Only in this way is 
it ix)ssible to keep everything dust-free and clean. The 
lalx)ratory should appear as if nothing were being carried 
on even at the time when most is being done. If such a 
system is once introduced into the working of a laboratory 
time is economised and security is ensured during the pro- 
gress of experiments. 

Cupboards and drawers ought therefore to close tightly 
HO that dust carmot force its way in ; this is attained by 
providing the cupboard dooi's and the drawers with over- 
lapping edges. A suitable height for the working table is 
07 centimetres (about 38 in.). 

Preparation of Bench Surfaces. — The working tables 
must be prepared so that they can stand washing with spirit, 
as many experiments have to be performed on a wet bench. 
This can be done in the following way : two solutions are 
prepared, (1) an almost saturated solution of aniline hydro- 
chloride in water, and (2) a solution of 1 part of potassium 
chlorate and 1 part of copper sulphate in 120 parts of 
distilled water. Solution (1) is first rubbed into the wood 
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and then solution (2), the solutionH beinf; UHed altemati^ly 
until the woo<i has become sufficiently black. The on*.' 
solution must have soaked into the wood before the other 
is applied. If the aniline salt partially cryntalliHeH, the 
bench must be uioistened with warm water before solution 
(2) is applied. If it is found from the colour of the wood 
that one of the solutions has been used in excess, the other 
solution is applied twice successively. As a rule it is Ijetter 
not to use too much of solution (2), as in this event the woo<l 
becomes green instead of black. When this treatment of 
the bench is complete the wood is well rubbed for some time 
with linseed oil varnish. Repeated washings with lukewarm 
water will often be necessary, especially if the colour i-ubs ott'. 

The above described preparation was much used formerly, 
but there are also other means for producing such a surface. 
From experiments made by the author the following recipe 
seems better than the first. Two solutions are also used in 
this method, viz.: (1) GOO grams of aniline hydrochloride arv 
clissolved in 4 litres of water, and (2) 86 grams of cupiic 
chloride, ()7 grams of potassium chlorate, and 83 gnmis of 
ammonium chloride are dissolved in 1 litre of water. Im- 
mediately before use, 4 volumes of solution (1) are 
mixed with 1 volume of solution (2), and the w(kx1 
is treate<l with this mixture once a day for four or tiv<* 
days. Afterwards the bench receives an application of 
the linseed oil varnish. The black colour develops more 
4|uickly than by the former process. 

Solutions for Washing the Bench during Work. — 

The mixture of spirit to be used for washing the bench 

consists of GO parts of boiled water and HI] parts 

of concentrated spirit The sponge ased in washing the 

table is kept in the mixture when not in use. In some 

laboratories an aqueous solution of mercuric chloride (I 

gram per litre) is used instead of spirit. 

2* 
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The Microscope Table. — ^The microscope table is mostcoQ- 
veniently situated when facing the north. The proper height 
of the table is about 86 centimetres (about 34 in.), that of 
the stool belonging to it 62 to 63 centimetres (about 24 in.). 

The Sterile Room. — It is especially desirable, as stated 
above, to fit up a small room where only experiments with 
yeast and bacteria are performed. The Carlsberg laboratory 
has two such "sterile" rooms. The windows, which are 
double, are well sealed so that no draught can set the air of 
the room in motion. Where the windows do not look to* 
the north, the panes are of frosted glass or are painted over. 
Curtains are absolutely to be avoided. The walls and the 
ceilings are painted with enamel which gives a perfectly 
smooth surface and also resists moisture ; this is of import- 
ance when these surfaces have to be washed down or if 
special precautions have to be taken, as, e,g,, when the air in 
the room is to be made very damp in order to purify it, the 
germs floating in the air being then precipitated. This is 
accomplished by keeping the room full of water spray for 
some time by means of a small sprayer, after which the 
room is left quiet before it is used. The floor is covered 
with linoleum so that all cracks and clefts are covered. 
Pipe systems in the room are avoided ; the gas pipe just 
passes through the wall and ends in a stopcock to which rub- 
ber tubing is attached leading to the Bunsen burner on the 
working table. In addition to the latter there is a small 
table fui-nished with drawers above and cupboard below 
containing spatula, forceps, inoculating needles (brass rods 
or pieces of platinum wire fused into glass rods), and also a 
selection of the nutrient liquids most used and empty sterile 
flasks. 

In working with flasks a Bunsen burner is used which 
can be made luminous or non-luminous and gives a large or 
small flame. 
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To complete the equipment of the room, a shallow dish 
of tinned copper is required. This is used sometimes when 
working with a Pasteur flask, sometimes for holding the 
sterilised spatulas or inoculating needles which are set to 
cool here after sterilising in the flame, the dish heing covered 
with a glass plate sterilised in the same manner. 

2.— JJaiwen's Sterile Cupboard. 
If the circumstances are such that a sterile room caimot 
be obtained, we must avail ourselves of the Hansen " sterile 




Cupboard. 



cupboard " and perfonn the finer kinds of work in it. 
This cupboard was the model for fitting up the sterile room, 
and is really a miniature of the latter. It is obvious that 
the cupboard ought also to be used when it is denired in 
particularly delicate work to take special precautions against 
infection. 

This cupboard (Fig. 1) consists chiefly of glasn, only the 
framework and floor being mahogany. The latter is smooth, 
and is polished with linseed oil varnish, and bears washing 
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with dilute spirit. The dimensions are about as follows: 
heicrht, 56 centimetres (22 in.); length, 68 centimetres (25 in.); 
breadth, 50 centimetres (20 in.). The front side consists of 
a sliding door which can be kept open at any desired height. 
Before the cupboard is used it is washed inside and out, 
either with boiled water alone, with yV P^^ cent, solution 
of mercuric chloride, or with dilute spirit ; it is specially 
important first to brush and then to damp the surface where 
the door slides up and down, in order to prevent germs 
which settle in the groove from penetrating into the cup- 
l)oard 

The cuplx)ard is then closed and allowed to remain 
(usually for an hour), till the air inside has become quite 
still, and the water jmrticlcs with which it is saturated have 
carried the germs present down tc the damp floor. 

The cupboard must be kept sufficiently damp during 
experiments, as otherwise the germs are apt to be stirred up 
again. 

In experiments where infected solutioas or the like are 
liable to be spilt, it is an advantage to cover the floor of the 
cupboard with a zinc tray which can be easily removed and 
which can be cleaned and sterilised before and after use. 

8. — The Microscope ami its Accessories. 

The microscope is one of the most important adjuncts 
m investigations connected with the physiology of fermen- 
tation. It will be shortly described here, and, in addition, 
references will be made to special literature where more 
detailed information may be obtained. 

The comix>und microscope (Fig. 2) consists of two 
systems of ghiss lenses, the one nearer the object of 
investigation l)eing calle<l the objective, and the other 
nearer the eye, the eye-piece. All these lenses are fitted 
into a brass tube. The objective forms a real, enlarged and 
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inverted image of the object which is being examined ; 
this image is again magnitied by the eye-piece. Thus thu 
image that we see in a microacope is an inverted one. 
However good the lenses may be they never form exact 
images, and the error is increased by the eye-piece. 




Spherical and Chromatic Alierration. — The en-om 
caused by the objective arise mainly from spherical and 
chromatic aberration. Spiierical aberration is to tie ascribed 
to the fact that, of the i-ays of light which, diverging from 
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a point, pass through a lens, the central ones are not 
focussed at the same point as the outer ones. The image 
is therefore hazy in outline. Further, white light, as is 
known, is composed of different coloured constituents, and 
on passing through the lens these are separated so that a 
coloured image is produced and the outline contains the 
familiar rainbow colours. To reduce spherical aberration 
various diaphragms are inserted in the tube which cut off 
the peripheral rays, and to eliminate chromatic aberration 
the lenses are composed of a biconvex and a plano-concave 
lens made respectively of crown and flint glass. This 
method gets rid of chromatic aberration almost entirely. 
In order to further con-ect for this and spherical aberration 
there is placed between the objective and the eye-piece a 
so-called collective lens. 

Achromatic and Apochromatic Objectives. — Such 
objectives as we have described are styled achromatic ; 
recently so-called apochromatic objectives have also been 
constructed. These are made of special kinds of glass 
(borate, phosphate, baryta and fluoride glass), by means of 
which more perfect colour correction is attained. They 
are far more expensive than the first named, which are 
quite good enough for the ordinary demands of fermentation 
work. 

The Tube, — The tube is so arranged that it can be 
elongated and can thus increase the magnification; fre- 
quently it is provided with a scale of divisions by whicli 
the lengthening can be determined The tube is supported 
on a brass stand which carries, among other things, two 
screws, one for coarse and one for fine adjustment. 

Correction Objectives. — Objectives for high magni- 
fications have in some cases an additional adjustment for 
the varying thickness of cover glasses. In these there is a 
ring on the objective provided with a scale, the numbers of 
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which correspond with cover glass thicknesses expressed in 
tenths of a millimetre ; the ring is turned until the proper 
mark coincides with a fixed index. 

The Condenser. — A centrally perforated stage, on 
which the preparation to be examined is laid, is also 
fixed to the stand; under this stage there is a mirror 
which serves to project the rays of light through the 
aperture in the stage, through the preparation, and so 
Along the tube to the eye, thus providing the necessary 
light for observation. The mirror is double, being plane 
on the one side and concave on the other; the concave 
side gives the strongest light and is therefore iLsed for 
the higher magnifications. Of late years other condensers 
have been used, especially that designed by Abbe. This 
apparatus, which may be seen in Fig. 2, lying in front 
of the microscope, causes a much more intense light to 
pass through the microscope. The light is regulated by 
means of a diaphragm, for it may be so intense as to 
make the preparation indistinguishable. With increasing 
magnification more light is required. A very suitable form 
of diaphragm is that known as the iris diaphragm (brought 
forward in Fig. 2), which can be easily adjusted so as to 
allow more or less light to pass through. If the Abbe 
condenser is not used there are circular diaphragms with 
openings of different sizes which can be brought under the 
aperture of the stage. The condenser is especially advan- 
tageous in the investigation of stained preparations of 
bacteria. 

Immersion Objectives. — For very high magnifications, 
and in order to get specially good definition, immersion 
objectives are used. In these the objective lenses are very 
powerful (and therefore very small since their curvature is 
great), and are immersed in a drop of liquid (water or oil) 
which lies on the cover glass. Water immersion was intro- 
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duced by Amici, whilst homogeneous or oil immersion was 
first suggested by Stephenson. 

In order to understand the advantage of the immersion 
system over the dry it is necessary to know what Uie 
angular aperture and the numerical aperture of the lena 
are. The angular aperture is the greatest angle formed by 
two lines drawn from the focus to the edge of the lens. 
The numerical aperture is the product of the refractive 




Fio. 3.— Diagram of a section through the front lens of the objective and the- 
cover gla«8, showing the <lirection of the different rays of light with and with- 
out immersion liquid. 

index of the medium between cover glass and objective 
and the sine of half the angular aperture (Fig. 3). The 
greater the numerical aperture the more rays pass from 
the object through the objective. In the dry system the 
numerical aperture iH always less than 1, for the refractive 
index of a.r m equal to 1, and half the angle of aperture 
must, of course, \^ ,i^,y„ ^^^„^^ ^^^^ ^^.^ ^^^ .^ ^.^^ 



THE MICROSCOPE 27 

consequently less than 1. The refractive index of water 
is 1*33, but in practice the aperture for water immersion 
is never greater than 1*25 ; for cedar-wood oil and glass 
the index is the same, viz., 1*52, but the aperture is not 
more than 1"40. The difference between the immersion 
and dry systems may be understood from the accompany- 
ing sketch (Fig. 3). This gives a section through the front 
lens, L, of the objective, the cover glass, and the interven- 
ing medium, that to the right through air (refractive index 
/A -- 1), that to the left through oil (fi -- 1*5). Two rays, 
EO and GO, proceeding from the object are refracted in 
passing through the cover glass towards the normal OP; 
GO in the direction D, EO in the direction J. When the 
ray, GOD, leaves the cover glass it passes into the immer- 
sion licjuid, in this case oil, which has the same refractive 
index as the cover glass ; the ray therefore will continue 
through the oil in the same direction as through the glass 
and will pass into the objective at A. If, on the other 
hand, the dry system is used instead of the immersion there 
will be air between the cover glass and objective with 
refractive index /^^ I, so that a ray, EO, which leaves the 
cover glass at J does not pass into the objective at all. 
Only those rays which are less obli(|ue than some ray 
such as FO will be able to strike the objective. It is thus 
seen that far more rays take part in the production of an 
image when the immersion system is used, and in conse- 
(fuence of this a much better image is obtained. 

The strength of the oil immersion lenses is usually indi- 
cated by a fraction, e.g., i\, ,V, etc. By this is meant the 
equivalent focal distance of the respective lenses, expressed 
in inches. 

Immei*sion lenses ought to be cleaned immediately after 
use by means of an absolutely dust- free linen rag which 
should be kept in a tightly clased box. A (juite dust- free 
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material should also be used for drying the lenses, for dust 
often contains particles which are capable of scratching 
crlass. However, the lenses themselves should be moved 
and rubbed as little as possible. The liquid can be removed 
from the ed^^^e of the glass, when necessary, by means of 
l)lotting paper, and under certain circumstances the glass 
may also be cleaned with benzene or alcohol. The other 
parts of the microscope can be dusted by means of a soft 
brush. 

The Stage is fitted up in various ways, e.g., so that 
it is ciipable of rotation and of adjustment in different 
positions. Thes(* are, however, details, the description of 
which niav be omitted. 

ft* 

There is sometimes a scale and vernier on the stage, the 
vernier being an arrangement which allows a finer reading of 
the scale to be made. It is a smaller scale running parallel 
with the fixed scale, and ten of its divisions are exactly 
tMlual to nine divisions of the latter. That division of the 
vernier which coincides with a division of the stage scale 
gives the reijuired fraction in tenths. 

Changing the Objectives. — There are various ways 
of attachin<; the objective to the tube. The objectives, 
whicli in some cases are simply screwed into the tube, may 
also be adjusted by means of a revolving arrangement (nose- 
piece), allowing several objectives to be attached to the tube 
at the same time ; by simple, rotation any objective may be 
brought into the re^juired ix)sition. The objectives can also 
be changed by a sliding arrangement or with the aid of 
^'' '^hese difierent arrangements enable one to change 

^s more easily and (piickly. 
eral rules for the testing of a microscope will 
rhat follows. 

the Microscope. — There are usually given with 
veral test objects ; most frequently these 
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consist of scales from the wings of a butterfly {Epinephele 
janira) and a diatom (Pleurosiyma anjnlatum). The micro- 
scope may then be tested by examining these under different 
magniticationa The latter are to be found in the table 
always supplied with the microscope. The first preparation 
is examined with a low magnifying power (60 to 150 times) ; 
the transverse marks on the scales ought then to be quite 
distinct. The silicious shell of the diatom has fine crossed 
markings ; with a magnification of 400 to 500 these ought 
to be plainly visible ; with a magnification of 150 to 200 
and using oblique light they ought to be distinguishable. 
To obtain oblique light the concave mirror is turned so that 
the light enters from one side. With very strong immer- 
sion lenses the markings are resolved into a mass of small 
six-sided figures. In such a test the sharpness of the out- 
lines ought also to be noted. Lastly, it should be ascertained 
whether the screws, etc., fit well. 

When the microscope is not in use, it mast be covered 
up so as to protect it from dust. A bell jar is to be re- 
commended for this purpose, that half of it turned towards 
the light being painted with oil colour to protect the micro- 
scope at the same time from sunlight which, in course of 
time, affects the fine lenses, the mirror and the stand. 

Slips and Cover Glasses. — In the microscopical investi- 
gation of micro-organisms glass slips and cover glasses are 
used. The growth is placed on the slip in a licjuid and the 
cover glass laid on the top. The slips are rectangular, and 
in general 7*5 cm. long, 25 cm. broad, and 1*5 mm. thick. 
Cover glasses are of various thicknesses, thin ones being 
used for finer work. The ase of thick glasses, c.y.j 0*20 mm. 
thick, is to be recommended for ordinary work. If mixed 
cover glasses are bought, they ought to be sorted according 
to their thickness, which can be determined by means of 
the apparatus described on page 34. The cover glasses 
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uneil most are 18 tarn, square; but round and rectangular 
ones of various sizes are also employed. 

For several kinds of work cover {^lasses should be used 
which are etched with squares, the squares in some cases 
beiii}/ numbered. Fig. 1 represents a squared cover ^lass, 
useil by Hansen in his tirst pure culture method. The 



Flu. 1. -Haiiwn'fl.Squareil Cover niaM. 

»<|iiiL]'eN wei-c used for determining the total number of cells 
which were present in a drop of any liquid This drop 
was cuut^iinud* within the boundaries of the whole sijuare. 
Hence the small size of the latter. 

The most frequently employed squared cover glasses 
have larger s.iuaren (see Fig. 5 and Fig. 6), Will only 
iHnnl>i'r,s thf sipiares in the top row and the left-hand 



column, hut Alfr. Jcu-gcnsen numbei-s all the squares (Fig. 
6). 

.Since such cover glasses are somewhat expensive and 
can I>c easily etchefl, we describe a method given by Will 
for this purpose. A little wax is melted in a saucer and 
the cover glass dipped into it, being held at one comer by 
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pointed forceps; it is taken out quickly and an much aM 
possible of the melted wax allowed to run off, leaving on 
either side a thin even layer of wax, which is allowed 
to solidify. By aid of a very fine needle and a small 
ruler the required lines are then scratched on the wax 
and the cover glass immersed for a moment in hydrofluoric 
acid. If there is no silver or platinum crucible obtainable 
for holding the acid, a common ix)rcelain crucible or dish 
or a watch glass can be used after being coated with 
paraffin or beeswax. After taking the cover glass out of 
the acid it is washed with water and then laid in warm 
water to melt off the wax ; it is afterwards drie<l and 
placed in chloroform in order to remove any traces of 
grease. It is convenient to have a stock of these squared 
cover glasses, which are used in investigating the life 
history of development and for preparing pure cultures, 
as will be described later on. 

The Micrometer. — It will be necessary in many cases 
to be able to measure those obj(?cts which we examine in 
the microscope. A micrometer is used for this purpose. 
It is usually in the form of a thin glass plate situated in 
the eye-piece and on which a certain number of equal 
divisions are etched. When the micrometer is in the eve- 
piece the size of the object can l>e measured by finding 
how many micrometer divisions the object covers. On 
the table of magnifications supplied with the microscope 
are u.sually to be found those numbers with which direct 
readings must be multiplied in order to get the true length 
of the object; the length is given in niicro-niillimetres, 
*•<-'•' iii\if) ^f ^ millimetre, a magnitude denoted by fi. 
This factor can be determined independently by using a 
.stage micrometer, that is, a glass strip on which 21 divi- 
sions are etched, their distance apart being ^}f^^ of a milli- 
metre or 10 /x ; with this micrometer on the stage and the 
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other in the eye-piece it may be then noted how many 
(^livisions of the micrometer are equal to a certain number 
on the stage micrometer. If, for example, 2 divisions, of 
the stage micrometer ( = 20 /a) correspond with 7 divisioiis 
of the micrometer of the eye-piece, the apparent size ex- 
pressed in divisions of the eye-piece micrometer have to be 
multiplied by '^^- = 2*857 in order to get the true length 
expressed in fju The higher the magnification, the smaller 
is this factor. 

Counting Apparatus. — In order to be able to count 
yeast cells a " net " eye-piece is used, consisting of a circular 
piece of glass on which is etched a square, divided up 
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Fio. 7.— Haeinatimeter. (</) The object glass ; (6) the cut-out cover glass fasitened 

on to it. ( Aft^r Hayem-Nachet. ) 

into sixteen or twenty-five smaller squares ; it is fitted up 
in the same way as the micrometer in the eye-piece and 
is used in conjunction with a haBmatimeter. This (Fig. 7) 
IS a glass slip (a), to which is fastened a cover glass {b), 
from the middle of which a circular piece has been cut out. 
A drop of liquid containing the cells to be counted is 
placed in the shallow space thus formed and enclosed by an 
ordinary cover glass. The thickness of the perforated cover 
glass is usually 01 or 02 mm. 

Thoma's hromatimeter (Fig. 8) is also used for counting 
micro-organisms. ^ is a glass slip, on which a cover glass (a) 
IS fastened which has a circular hole in the middle and is 
0-2 mm. thick. A circular cover glass (c), 01 mm. thick. 
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is fitted centrally in this hole and is also fastened to the 
glass slip; thus, an annular space (d) is formed. In the 
middle of (c), two sets of twenty-one parallel lines are 
etched which cut each other at right anglea There are 
thus formed a large square with a side of 1 mm., and small 
squares with a side of 0*05 mm. The drop of liquid to be 
examined is placed on this square and enclosed by the cover 
glass (6), the depth of the liquid layer (e) thus formed amount- 
ing to 01 mm. B gives a vertical section of the chamber. 
The method of conntinij is described later. 
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Fio. 8. — Thoma's Chamber. (.4) View from above; (B) from the side; (b) a 
cover glass. (The significance of the remaining letters is given in the text. ) 



KIbnne and Miiller's Object Marker. — The object 
marker (Fig. 9) made by Klonne and Miiller (Berlin) is 
often used in the course of the preparation of pure cultures 
and during observations on growth. 

This instrument is used to mark a certain spot in a pre- 
paration by impressing a coloured ring round it on the cover 
glass. The apparatus is fitted on the microscope in place of 
the objective There is an opening where the front lens of 
the objective would otherwise be. The lower half of the 
apparatus is capable of vertical movement, being fitted with 
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a somewhat weak spring. The opening at the point maBk 
be quite flat and ought not to have a greater diameter tiun 
0*75 mm. The method of using it will be referred to 
later. 

Cover-Glass Gauge. — In the above it has been men- 
tioned that objectives are sometimes provided witii a 
correction so as to be adjustable for any thickness of cover ' 
glass. It is occasionally important to be able to measure 
the thickness of cover glasses. The instrument represented 
in Fig. 10 is used for this purpose. When the upper part 





Fla. 10. — Covcr-glftss O&uge. 

is screwed down as far as possible, the zero of the scale on 
the screw-head coincides with a mark on the stem. In 
measuring the thickness of a cover glass the screw is screwed 
back, the cover glass inserted edgeways in the space thus 
made, and the screw again brought down until it toucJies 
the cover glass. The number which is now at the mark 
gives the thickness in y^ mm. 

Apparatus for Artificial lllumrnation. — In microscopi- 
cal work one must often resort to artificial light and so 
lamp is necessary on the microscope table. Electric light 
baa the advantage of coolness ; otherwise a gas or oil lamp 
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most be used. As the continued use of a strong, yellow 
li^t is iniurious to the eyes, it is better to let the rays 
from the lamp pass through a blue liquid, by means of which 
an agreeable greenish or bluish light is obtained which does 
not affect the eyes. Such a liquid may be prepared by 
adding ammonia to an aqueous solution of copper sulphate 
contained in a glass globe. The best illumination is then 
obtained by a suitable adjustment of mirror, globe and lamp. 
The positions of the microscope, globe and lamp can then be 
marked on the table so that these can easily be put into 
place at any time. 

In addition it is as well to fix a screen between the 
microscope and the lamp, partly to protect the eyes from the 
direct light of the /lamp, and partly on account of the heat. 

If a gas lamp is used as the source of light, a damp cloth 
should be hung on the screen to keep the air moist. 

Small Auxiliary Apparatus. — In addition to what has 
been described, various small articles are required, ejj., 
^lass spatula, platinum wire, forceps, preparation needles, 
etc. Two glasses may also be kept on the table for holding 
dilute sulphuric acid ; in one, soiled glass slips are put, in 
the other, cover glasses; in this way the micro-organisms 
on the glass are killed and thus prevented from passing 
into the air after the glass has dried and before it is cleaned 
again. 

Bottles for Reagents and Immersion Oil. — For micro- 
scopical work certain chemical reagents are indispensable. 
These are preferably kept in bottles provided with glass 
stoppers which are drawn out into the form of a rod ; the 
latter reaches almost to the bottom of the bottle and in 
some cases has a thickened end. Figs. 11 and 12 repre- 
sent two of the commonest fonns of these bottles. 

Fig. 13 represents a bottle which is made by Ley hold's 

successors (Cologne) according to the design of Arthur 

3* 
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Meyer, aii<) which has found general aeoeptaace. It has 
this aiivaiita^re, that the rim, which is enclosed in a cap, 
cannot l>e eanily soiled since thin is bent iawards into s funnel 
hliapc' which coiiipeU the operator to draw the glass rod out 
of the nii<lille of the bottle, tl^ rim automatically removing 
AuperHuouH liijuid. The liquid which is removed at the 
funnel ruiiH back a^ain into the bottle; the latter shoulil 
ba kept i|uarter full, an, if upset, the rim prevents the liquid 
from ruiniin}; into the cap. 





Kro. 12.— Bottle for 

cbvniii-al rtwgentii 
mention liiiuiil. 



Flo. 13.— Arthur Hevrr* 
hottla for iiiiero.cheDii- 
Ckl raKmti or Immer- 
don Uqnid. 
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).v(«/« atul I heir Accessories. 



Certain cmiNtimt tcmpcmturcH ai-e neces-sary in fermen- 
tation work ; Hudi apparatus tts will accomplish this and 
in which cultures can be placed an! called thermostats or 
incubat4>ra. Theie are now numerous designs of these; 
we Hhall only iiu-ntioii a few here which have been found 
suitable. One of these, for in»4taiice, in the thermostat 
made by Rohrtwck (Berlin) which is depicted in Fig. 14. 

Rohrbeck's Thermostat — This consists of a double- 
walled coi)per Ijox oval in .section, covered with felt on top 
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and on the sides. It is divided into two parts, the larger 
above, the smaller below : each Bection is provided with 



1 e> f« — 




double dooFH. The lower t-liiiuilRT is only iiHeil when moist 
air is reiiuire<l in the theririostnt, a naucer of water being 
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placed inside. The doors are made of glass, the outer one 
being covered with a piece of felt which can be removed. 

The space between the walls of th« box is filled with 
water ; distilled water being used to prevent furring. The 
thermostat is provided at one side with a water gauge 
carrying a two-way cock, which allows the water either to 
enter the gauge or to be drawn off. In the top is an opening 
in connection with the space between the double walls of 
the box; this opening is used for filling the space with 
water, and, after this has been done, for holding a ther- 
mometer which passes through a cork and has its bulb 
dipping into the water. On the opposite side (to the right 
in the sketch) there is a similar opening to which a thermo- 
regulator is fitted (see p. 46). There is a third opening, 
which is connected with the inside of the thermostat; a 
thermometer is placed in this by which the temperature of 
the chamber containing the cultures may be read. There 
are two other openings also leading to this chamber ; they 
act as valves and are provided with caps which can be 
closed either completely or partially. Lastly there is an 
opening to which a hygrometer may be fitted. In the 
thermostat there are several movable shelves, which are 
perforated to allow of free circulation of air. Thermometers 
are required here also. 

The heating is done by means of gas fiames which are 
placed under the apparatus, as may be seen from the figure. 
The water is thus warmed, but in order to keep the tem- 
perature constant the thermoregulator is indispensable. 

Quite a large quantity of water is used in such a 
thermostat, about 43 litres being required for a thermostat 
40 cm. high, 50 cm. broad, and 25 cm. deep. 

Two gas flames are used so as to reach the desired 
temperature quickly, but this process may be made still 
shorter if the thermostat is filled with water previously 
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heated. The regulator is adjusted by being warmed in a 
water bath of the desired temperature before it is fitted to 
the thermoBtat 

Besides the above form there are numerous others. 
Muencke (Berlin) and Altmann (Berlin) also make good 
thermo6tat& 

Panum's Thermostat. — In many investigations it is 
important to have at the same time a large number of 
chambers at different temperatures. Panum's thermostat 
(see Fig. 15^ which has a series of constant temperatures, 
realises the required condition. We will describe in what 
follows its construction along with the improvements which 
this apparatus has undergone in the Carlsberg laboratory. 

This thermostat consists of three cupboards soldered to- 
gether which are designated in the accompanying Fig. 15 
with the letters A, B-C, and D. The reason that it is not made 
of <me cupboard divided into three parts is that A and D re- 
quire more repairing than the middle one B-C. The former 
have therefore to be made separate from the latter. The 
inner dimensions of each of the compartments A, B-C, and 
D is about 63 cm. in length, breadth and depth. The first 
compartment, A, is double-walled, and is made of tinned 
copper ; the jacket, c, is filled with distilled water, which is 
kept at the required temperature by a gas lamp, a ; the gas 
flame is controlled by means of a regulator, b, which dips 
into the water through a tubular opening. This gas lamp 
is placed under a projecting wing, d\ of the external copper 
case ; this wing is also tinned and in addition covered with 
asbestos paper, excepting the part immediately above the 
lamp which is thickened by the addition of another copper 
plate. As the wing is burnt through in course of time it 
is not put into permanent connection with the outer copper 
case but joined to it by screws and flanges with rubber 
packing so that it can be replaced when necessary. 
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There is slao another tobaUr opening (not shown in the 
figure) at the tup of the compartment A, and in &ont of 




that holdinfj the rejfulator, and tlnough thin a thermometer 
dips into the water to register its temperature. Water is 
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ran in through one of the above openings, and can be run 
off at the stopcock, d!\ situated on the wing. 

The space in the compartment, A, is divided into two 
parts, 1 and 2, by a partition ; ledges, on which loose shelves 
can be laid, are fixed to the walls at .various heights. 
There is an opening in the roof for a thermometer, e, to 
give the temperature of the air in the space A. 

The other two compartments, B-C and D, are made of 
tinned sheet iron, the compartments D. and C8 being care- 
folly painted all over with red lead to resist damp due to the 
cooling in D. B-G is divided into two compartments B and 
C ; each of these being again divided into three spaces (8, 4, 5, 
and 6, 7, 8), the walls of which are also provideil with 
ledges for fitting up several stages. These are all made of 
tinned sheet iron. In compartment C8 there is a bent 
metal strip, /, soldered along the bottom against the wall 
next to D so that the condensation water which forms on 
this wall can pass over the strip and run into a long narrow 
box placed below. 

The last compartment, D, is an ice box consiHtin^ of an 
outer and inner receptacle, the latter of these being cooled by 
water trickling down over it from a mass of ice resting on a 
strong grating, g. To distribute the water the inner receptacle 
has its roof sloping to the sides and to tiie back. The water is 
run off through the opening, h ; in this is a cork passing 
through which there ii8 a tube, z, forming a water trap ; the 
water is caught in a vessel, k, placed beneath. The cork must 
be taken out every day in order to remove dii-t coining from 
the ice. There is a movable trap, /, fitted to the top of Di), 
in which condensation water collects and is removed. 

The whole apparatus is completely surrounded by a 
layer of felt, m, 8 cm. thick, and enclosed in a tight wooden 
b«>x, 0. 

The ice holder is closed by an iron lid, above which is 
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a wooden lid, />, provided with an 8 em. layer of felt. The 
lid can be opened and shut easily by means of a counter- 
poise weight hung over a pulley fastened to the wall of the 
i-oom behind the thermostat. 

Each of the spaces 1 to 8 is provided with a tightly fitting 
glaas door, and doors of sheet iron are fitted on each of the 
four large compartments A, B, C, and D, which are closed 
tightly by pressing against rubber strips fitted on to the 
{)artitions. Four corresponding doors, also shutting tightly, 
are attached to the wooden case, their inner sides being 
coated with woollen pada All thes^ doors are hinged 
below, and, when opened and resting in a horizontal posi- 
tion on adjustable brackets, may be used as tables. 

The space under the thermostat is used as a cupboard. 

If the apparatus is working and the regulator set, for 
example, at 40° C, compartment 1 will be at this temperature 
while the temperature in 9 will be only a few degrees 
above 0°. In the intervening compartments the tempera- 
ture varies between these two extremes. In individual 
compartments the temperature varies from wall to wall and 
also from top to bottom. 

If the temperature of the room containing the thermostat 
is somewhat high, as may happen in summer, it will be 
sometimes difficult to reach a low enough temperature in 
the cold part of the thermostat. A small iron box (Fig. 
15, 10) with an ice holder is then placed in D ; the tempera- 
ture of the whole thermostat is thus lowered and at the 
same time a specially lov/ temperature compartment is 
obtained. 

Schribaux*s Thermostat. — A thermostat frequently 
used is that of Schribaux which is seen in Fig. 16. It 
consists of a wooden cupboard with a copper floor; the 
heated gases of the burner pass through brass tubes fixed 
to the walls. A special regulator, mentioned on page 49, 
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IB QBoally employed along with it. The temperature varia- 
tiotB are greater in this thermoatat than in those of 
Bohrbeck and Panum, aa the large doors when opened 
allow a considerable cooling to take place. 

Large Warm Chamber.— In more extensive experi- 
mvata, in which many cidtures are dealt with Himultaneoualy 
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at the same temperature, it would, of coiii-se, Ik; difficult to 
find sufficient room for thcui in an or<linary thermostat. 
If circumstances allow, a small rix>ni can sometime.'^ be 
made into a thermostat. It in fitted np according to the 
same principles as an ordinary thermostat, and is, in fact, 
the same on a larger scale. The Carlsberg laboratory 
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contains a " warm chamber " of this kind, which is usually 
kept at 25'' C, and which has proved eminently satisfactory. 
The room is 250 cm. high, IGO cm. long, and 160 cm. broad. 
Movable shelves are fitted along the walk. The walls and 
the roof are comjxjsed of two layers of hollow stones 
between which animal charcoal is placed ; the door is also 
double and filled with kieselguhr. The heating is efTected 
by means of warm water which passes from a vessel 
outsi<le which is heated by a gas flame, circulates through 
copper pipings along the walls and so returns to the vessel. 
The piping is about 1)60 cm. long, 4 cm. in diameter, and is 
fixed about 55 cm. above the floor. A Reichert r^ulator 
is fixed in the wall and is in communication with the 
room ; at another place a thermometer passes from the 
outside into the room so that the temperature of the 
latter may be observed from without. There are also two 
openings in tl\e wall closed with cotton wool which act as 
ventilatoi-8. Through these, such things as tubing may be 
passed in. 

A temperature of lo"" C. is often necessary in the analysis 
of yeast. If a Panuni thermostat is not available, a special 
thermostat for lo"" C. must be fitted up. In many cases a 
cellar might be used instead of the above, although its 
temperature is of course not particularly constant. 

A. Petersen's Thermostat for Low Temperatures. — 
The principle of a thei'inostat for low temperatures diflfers 
from that of the thermostats described where the tempera- 
ture is above that of its sm-roiindiiigs ; in this case the 
process is reversed. Anton Peterson has constructed such 
a thermostat for use in the laboratory of the old Carlsberg 
breweiy in Copenhagen. The thermostat consists of a 
cylindrical double- walled copper box with a loose lid also 
double walled. The outside is covered with felt, and the 
.space between tlie walls tilled with water. Above on one 
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side there is an inlet for the water, and on the oppasite sidt» 
an outlet. Near the inlet there are also perforations for 
regulator and thermometer. In the lid there are, in 
addition, t'wo openings, one for a themiometer which pro- 
jects into the interior of the space in which the cultures are 
placed, the other acting as ventilator. Tap water is used 
for obtaining the desired temperature, its temperature being 
generally lower than 15' 0. The water passes from the tap 
through a tube to a small constant-level cistern, and from 
there through another tube to the regulator (see page 49). 

Pfelffer's Microscope Heating Apparatus. — When it is 
desired to follow out the development of a micro-organism 
at a certain constant temperature under the microscope, this 
can be done by using the small thermostat designed by L. 
Pfeifler, which is shown in Fig. 17. 

The arrangement consists of a mahogany box, whicli 
completely surrounds the stand, and whicli is almost air- 
tight when closed. Its front wall has a glass window to 
admit sufficient light for observation ; the left an<l lit^^lit 
walls (seen from the observer) have each a well-fitting 
flap door so that the preparation may be manipulated. 
In order to make the microscope freely accessible, the 
side walls are capable of being completely removed along 
with the halves of the back wall, which is divided down 
the middle. The whole stands on a thick metal plate with 
three metal feet The heating is effected by warming the 
plate from below by means of a micro-burner, the gas 
supply of which is controlled by a regulator. Experiments 
made in the CarLsberg laboratory have shown that the 
Reichert regulator described below is very 8uital)le for this 
apparatus. With the side flaps opened or closed thci 
greatast variation of temperature in the apparatus at 25° C. 
or 32° C. was only 1^ If the apparatus is closed and 
then the flaps suddenly opened, the temperature falls about 
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2° and then keepn constant. It is therefore desirable to 
leave the flaps open when working with temperatures which 
allow of this. With high temperatures this is impossible. 




■opc-l I eating Appsrstu*. 



Reichert's Regulator.— There are numerous forms of 
thermoreg»ilatoi-N wliich may be used in combination with 
the theniiostatH for higher temperatures described above. 
In the courMu of long um in the Carlsberg laboratory 
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and other places, Reichert's regulator has proved extremely 
efficient, this being due in no small degree to its simple 
construction. The principle of this regulator consists in 
the mercury expanding by heat and closing the inlet 
tube, thus diminishing the gas supply. The apparatus 
\& represented in Fig. 18 at about one-fourth of its 
natural size ; c is the bulb filled with mercury, the ther- 
mometer tube widening out above into a cylindrical space 
which communicates with the inflow tube, A, by a ground 
air-tight joint ; the tube, A, reaches down 
to the point where the widening of the 
thermometer begins, and has a fine open- 
ing at a. The gas passes off to the 
burner through the side tube, B. In 
order to adjust for various temperatures, 
there is another side tube fitted to the ^1 
thermometer stem and filled with mer- 
cury, its end being closed by an easily 
adjustable iron screw, S. The regulat- 
ing takes place in the following way : The 
tube, A, is turned until the opening, a, 
is opposite the tube, B ; the screw, S, is 
set so that the mercury just begins to fill 
the wide space when the proper tempera- 
ture is reached ; the mercury is then 
forced upwards by the screw until the 
flame begins to get smaller. As a result 
of the closing of the tube, A, the burner is fed only througli 
the opening, a, the size of which can, in some forms of the 
regulator, be varied by turning the tube, A 

After being in use for some time, a black powdery 
substance is deposited on the surface of the mercury in 
consequence of impurities in the coal gas, the sensitiveness 
of the regulator being diminished. To remove this it is 




Fio. 18.— Reichert's 
Thermoregulator. 
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8ufl5cient to take out the inflow tube for a moment and to 
remove the impurity from the mercury with a brush. The 
Reichert regulator allows the controlling of all temperatures 
from l"" above the surrounding temperature almost to the 
boiling point of mercury. 

Fig. 19 represents the improved form of the Reichert 
regulator, the bulb being omitted. When the temperature 
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Fio. 19.— Reicherfs Improved 
Thermoregulator. 



Fig. 20.— Muencke's Thermo- 
regulator (after Lothar Meyer). 

becomes too high, the mercury raises the floating valve, a, 6, 
and thus cuts off part of the gas supply. As in the simpler 
form there is a by-pass at c. 

Muencke's Form of Lothar Meyer's Regulator. — 
Regulators are often employed in which there is, above the 
mercury, a liquid which boils at a low temperature, e.g.., 
alcohol or ether. This principle was firat proposed by 
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Lothar Meyer, and has been applied in several waya A 
regulator of this kind (by Mueneke, Berlin) is shown in 
the illustration (Fig. 20). 

The inflow gas tube is a metal one with a steel end ; it 
passes through an air-tight stuffing box, and can be fixed 
by means of a screw. It is also provided with a millimetre 
Hcale so as to control its position. 

This regulator is used in many laboratories, and is per- 
haps, under certain circumstances, to be preferred. But 
for most cases the Reichert regulator is quite sufficient. 

Roux's Regulator. — Roux*s regulator is the one usually 
employed with the Schribaux thermostat mentioned on 
page 42. This regulator consists of a steel and a zinc 
plate soldered together and bent in a U shape. One limb 
is fixed by a screw, the other remains free. When the 
temperature rises the two limbs separate, the free limb thus 
displacing a cone ventilator fitted into a metal box, so that 
the gas can only enter through a by-paas. If the tempera- 
ture sinks, the free limb moves back and opens the valve, 
80 that the gas passage becomes free. 

Soxhlet'8 Regulator. — A different regulator from the 
above must be used for low temperatures. That 
of Soxhlet, which is shown in Fig. 21, is suitable 
for use with the Petersen thermostat at 15° C. 

Cold water flows down from a constant level 
cistern through the upper tube on the right. If 
the temperature of the water in the thermostat 
is normal all the cold water runs off through the 
overflow vessel on the left, which is always full ; 

j«jQ 21 

but, should the temperature of the thermostat sozhiet'sTher- 
water rise O'V above the normal, the ascending ™°foM"ow^'^ 
mercury column closes the opening of the syphon, *«"»?«'**'*'««• 
and the cold water flows through the horizontal tube on 

the right into the water of the thermostat, until the normal 

4 
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temperature is again reached and the mercury column has 
Hunk 80 far as to leave the opening of the syphon fm 
again. The bulb on the right contains a few drops of e\h& 
or some other liquid of low boiling point. 

Koch's Lamp. — For heating the above described ther 
mostats, gas lamps are sometimes used which are provided 
with an automatically acting apparatus that cuts off the 
gas supply as soon as the flame is extinguished. Koch's 
lamp, belonging to this type, works in the following 
manner : a metal tongue consisting of iron and brass sheet 
and l)ent downwards projects into the ilame. The lowei' 
end is l)ent round and acts as fulcrum for a lever loaded 
with a weight. If the ilame is extinguished by any cause, 
the metal tongue cools and approaches the burner; by this 
motion the lever loses its support and takes up a vertical 
position, and by so doing turns off the gas. 

Thermometers. — It is convenient to use thermometers 
al)out 1 cm. long with a maximum reading of 25° C. for 
measuring temperatures in thermostats. They can be fixed 
in a horc'd cork which has small grooves down the sides 
and rests in a wide-moutlied glass vessel. The air in this 
communicates with that in the thermostat tlirough the 
grooves on the cork. If the thermometer is fitted up in 
such a glass, it can be taken out and the temperature read 
without fear of its clianging, as would be the case if the 
thermometer alone were removed from the warm ther- 
mostat. It is not out of place to remember that ordinary 
thermometers cannot always be depended on, but must be 
checked before they are used. It is also necessary to do 
this from time to time, as the thermometers change in 
course of time. A tliermometer is checked by comparison 
with a standard thermometer, the zero point of which has 
been exactly determined previously by immersing its bulb 
in finely pounded ice. A possible error is thus removed. 
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5. — Sterilising Apparattts, 

With Dry Heat. — Glass and metal apparatus are steri- 
fised by means of dry heat. This is done by using an oven 
made of iron, coated with lead and of the shape shown 
in Pig. 22. It consists of a double- walled chamber of 
cylindrical form ; the outer wall is coated with asbestos 
on the inside and is conical at its lower end; a large 
gas burner projects into the conical 
part, so that the products of com- 
bastion rise between the walls and 
leave the apparatus by the chimney 
on the top. The door is also double 
walled. The burner can be raised 
or lowered, its position and the 
proper size of flame being deter- 
mined by experiment. 

There is (juite a large number 
of diflerent designs of these hot 
air chambers. The principal point 
is that they must give a tempera- 
ture of 150'' C, and must be dur- 
able. A regulator may be used 
along with them, but it is not 
necessary in most cases since it 
is immaterial whether the glass 
articles are heated to a little more 
or a little less than 150° C. On 
the other hand, if the hot air chamber is used for sterilising 
the gypsum blocks to be referred to later, it is of great 
importance that these should not be submitted to a higher 
temperature than 120° C, because they lose water of crys- 
tallisation and afterwards crumble on being placed in wate" 

The simplest way, however, is to use an iron box, the walls 

4* 




Fig. 22.— Apparatus for Sterilis- 
ation with Dry Heat. 
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of which are coated with asbentos paper and which is pro* 
vided with a regulator. An ordinary Bunsen burner is 
sufficient to obtain temperatures not exceeding 120° C. 

Culture media are sterilised by boiling on a sand bath 
or by means of steam. A sand bath is best made out of a 
shallow rectangular iron box on four feet. Below the box 
are placed two horizontal and parallel iron tubes closed at 
one end, connected with the gas supply and pierced on the 
top with holes which serve as burners. At the end of the 
tube where the gas enters there are holes like those on 
a Bunsen burner. The best dimensions for such a sand 
bath are, length about 42 cm., breadth about 22 cm. On 
the above there is room for 10 to 12 j^-litre Pasteur flasks. 

It is simpler however to sterilise flasks containing 
culture media in an autoclave to be described later. 
Sterilisation by steam is often necessary and is the most 
frequent means employed. 

Steam Sterilisation. — An autoclave or digester is quiti' 
indispensable for this purpase, and with it sterilisation 
can be etieeted with or without pressure; an ordinary 
steamer cannot be used with pressure. The accompanying 
sketeh (Fig. 28) sliows a Chamberland autoclave made by 
Wisnegg of Paris. It consists of a steel vessel with a cover 
which can he closed tightly and screwed down. On the 
cover there is a tap, b, by means of which the steam may 
escape if no pressure is required, a safety valve, a, and a 
manometer, c. Below the vessel there are two concentric 
rings of gas buniers, and the whole is surrounded by a 
jacket of sheet iron provided with a door. In an auto- 
clave, the height of which is 60 cm., the inner space used 
for containing the objects to be sterilised is about 32 cm. 
deep, and is divided up by several horizontal partitions. 

When the autoclave is about to be used, distilled water 
18 put into the vessel, the amount depending on the size of 
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the Utter. The objecto to be -sterilised are thereupon places) 
m the shelves and the cover screwed down. All the gsH 
tUmes are then lit, and after the water in the veaNel beginu 
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ti> boil, the outer ring of fianies if extingiiislied. If no 
[>re8sure is ret|uired, the tap on the cover remains open 
during the boiling, otherwise it remains closed. The pres- 
sure is indicated by the manometer and is regulated by the 
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wurce of heat. If the litjuiiU to be stenlixecl froth strongly 
■iuriiig the iMtiling, only one ring of burners is lit; the 
heating then proceeds more slowly and frothing in avoided. 

As mentioned above, an ordinary sti'anier can be used 
for sterilisation without pressure, that is, for simply heating 
by means of ateam. It is fitted up in practically the 
name manner as an autoclave, only it need not be so strong, 
and the valve and manometer are omitted. 

A steamer of this kind used in the Carlsberg laboratory 
is made of tinned copper, is 1 metre high and has an inner 
diameter of 42 cm. The inner space for holding the 
objects to be sterilised is 65 cm. deep and is divided into 
three stages by perforated platforms. It is charged with 
5 litres of distilled water, 

n.— Culture Vessels. 

We shall now ilcHcribe various flasks and culture vessels. 

After all the oixjnings have been closed with cotton wool 

such vessels are sterilised in a dry heat for two liours at 

150° C, this being the usual mode 

of treatmcnl; oj glass ware. They 

muHt \k tolerably dry before being 

put into the steriliser. 

The Pasteur Flask. — We are 

indebted to Hansen for the im- 

proveil mollification of this flask 

now in use <^«'e Fig, 24). The 

Haak consists of a glass bulb drawn 

out into a long tube wide at the 

beginning. Iwnt twice and with a 

bulb between tb,^ two bends. An 

side fcn>u. A t '""^"'**i"'' t"l>e, a short straight 

side tube, proceeds from the bulh ^„^ ■ i j -^C 
_,hh~_ t„, , , , ""'"p and IS closed with a 

ruDDer tube and glass rod. The Po^i a . . 

^ "^ >'aateur flask is commonly 
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Qsed in three sizes, having capacities of I, J and 1 litre 
respectively. As the bottom of the flask is not flat as a 
role, a ring of cork or pasteboard (see Fig. 24) is used as 
a support 

It is specially important that all the Pasteur flasks, 
small and large, in the laboratory should have side tubes 
of the same diameter as those on other vessels to be referred 
to later; otherwise the tubes do not fit into the Bame 
rubber oonnectiona when the flasks have to be joined with 
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one another. Standard flaskn ought therefore to be kept 
as patterns for new stock, and in giving an order, the 
external diameter of the side tube whoiild be given exactly ; 
6 mm. is a suitable diameter. 

When Pasteur flasks containing culture .solution either 
alone or with cultures are put a.side, the bent tube should 
be closed with a small a-sbestoa plug which filters any 
air that may penetrate into the fla«k an the result of 
temperature changes. When flauks are placed in a very 
cold situation, and therefoie usually a very damp one. 
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Halicylic cotton wool should be used instead of asbestos, as 
moulds cannot grow through the former. These flasks 
have the great advantage of only allowing a very slight 
evaporation of the liquid; they may remain for many 
years without any notable evaporation occurring. Thus 
Pasteur flasks with cultures have been standing in the 
Carlsberg laboratory for twenty years during which no 
appreciable diminution of their contents has taken place. 

Hansen introduced the above-mentioned expansion of 
the bent tube, in order to avoid infecting the culture medium 
by germ-laden air bubbles being carried into the flask itself 
as a consequence of the sucking back which takes place after 
boiling. These bubbles are caught in the little bulb, and 
deposit their germs on the glass. The tube and bulb should, 
therefore, be always heated to redness before beginning to 
work with the flask, in order to kill the germs which may 
have settled there. 

The Carlsberg Vessel. — Large culture vessels are made 
of metal, ejj., tinned copper, as it is not convenient, on prac- 
tical grounds, to use glass flasks of more than 1 litre capacity, 
and because, in general, vessels containing 7 to 8 litres of 
nutrient solution are used in preparing pure yeast for brew- 
ing purposes. Pasteur was the first to use a vessel of this 
kind, as shown in Fig. 25, for carr^dng on fermentation 
experiments. It was closed by a two-holed rubber bung 
fitted with a short straight tube closed by a rubber tube 
with glass stopper for introilucing the yeast, and a long 
bent tube for allowing the carbonic acid generated during 
fermentation to escape. On the top there were two windows, 
and near the bottom an ordinary metal stopcock for drawing 
off the liquid and yeast. 

But this form had somewhat great disadvantages, as it 
was found that the contents of the vessel were often infected 
through the windows and stopcock, it being very difficult 
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to keep the latter sterila On this accouut HauHtMi ami his 
•BstaotB gradually evolved the CarUberg vessel df-Ncribed 
below. There are still some who prefer the Paiiteur veswl 
for its window and tap ; it is, therefore, not out of place to 
imlicate its failings. 

There are two moditications of the Oarl»bcr^ veiMcl, an 
oilier, cheaper form, and a newer, more expensive one : they are 
shown in Figs. 26 and 27. There are two Htrai}r)it nide tubes 
un this vessel, oue, a, on the top, and the othei*, b, a little above 





b 

ho. W.-The CarUberg Vessel, old moiiel. Flo. 27.-Tli8 CnrliTjerg Vessel, new modi 

the bottom ; the Iwnt tube is fitted eitlier to screw oft" (see 
FTgs. -27 and 28), so tliat both veHsel ami tube can be easily 
cleaned, or a part of it is fixed to the vessel mid tho other 
part connected by nieaim of a piece of i-ubber tubing', c (see 
Fifr. 26). The first-named fonii is the nioru expensive, as 
has been remarked, but it is to be preferred. The l>ent 
tube, at the end of which a filter, d. can be fitted, is ex- 
panded in the middle, c. This filter was in the older model 
a fjlass tube filled with cotton wool ; in the new model it 
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consists of a metal cylinder filled with asbestos, provided 
with a loose-fittinjf top, and screwed on to the tube. Rubber 
tubes are fitted to both of the side tubes, and are closed by 
^lass stoppers ; the rubber on the lower side tube is also 
provided with a pinchcock. The yeast is introduced into the 
liquid in the vessel through the upper side tube, the liquid 
and yeast being removed through the lower one. The chief 
purpose of this vessel is the growing of yeast in large 
quantities, as, for example, when such is required for the 







Fk;. 28. — Mode of connecting the 
Bent Tube with the Cjiflsherg Vessel. 



Fig. 29.— Prior's Vessel. 



pure culture apparatus mentioned later ; it is also used 
for fermentation experiments with larger (juantities of 
liquid. 

The manner of connecting the bent tube with the vessel 
in the new model may be seen from Fig. 28. The tube 
fits into the vessel by means of a conical joint; the 
connection is efiected by means of a female screw. This 
joint must be made very accurately, otherwise the flask is 
useless. 
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The most convenient capacity for this vessel is about 10 
litres. The largest amount of wort with which such a vessel 
can be charged is from 7 to 8 litres if it is to be used for 
fermentation experiments, for it must not be completely 
filled. In general 125 to 150 grams of thick yeasty sediment 
can be grown in the above (quantity of wort. 

Sometimes it happens that the bent tube becomes 
blocked during the sterilisation of the wort, so that it is 
impossible to draw off the contents of the vessel. This 
difficulty is easily surmounted by passing into the tube 
a thin, doubled copper wire. As a rule little is gained by 
heating the tube, since it is not known at what point the 
tube, is stopped. It is advisable, now and then, to boil out 
the Carlsberg vessels with solution of soda, to remove the 
hop resin, etc., clinging to the sides. 

Prior's Vessel. — E. Prior has constructed a modification 
of the Carlsberg vessel, which is represented in Fig. 29. A 
side tube, c, is closed with rubber and glass stopper; the 
two tubes, r, are connected by means of a piece of rubber 
tube carrying a pinchcock, and the tube, a, is also provided 
with a short rubber tube and pinchcock. The filter is 
fitted on at /. This modification of the original model has 
been designed chiefly to allow ai^ration of the wort. For 
further information see page 77. 

The Chamberland Flask and its Modifications. — As 
is to be seen from Fig. 30, this flask consists of a flat- 
bottomed bulb with a short neck provided with a ground 
cap which is drawn out into a somewhat long tube filled 
with cotton wool.^ 

A more frequently used mollification of this flask is that 
known as the Freudenreich flask. It (see Fig. 31) differs 

* Ordinary cotton wool (not fat free) should always be used for plugging 
flasks. Fat-free cotton wool attracts moisture and can thus set up in> 
faction. 
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from the ChainberlanH flask in being cylindrical. &a n- ' 
gardn tlie Hize of the floHk a total height of 1 cm. and a lengtb 
ftf tubo i cm, may be recommended. The external diamettr 
of the baae ih about 25 cm., the internal diameter of Ute 
neck about 1 cm. The inner diameter of the tube oagbt 
not to be moi'e than 0'2 cm., and the tube itself should not 
be shorter tlian the lenffth mentioned above, otherwise too 
(Treat an evaporation of the nutrient medium takes pUot 
A ItaHk like this holdx about 20 cc. ; but, cm a rule, it should 
not contain more than 10 to 15 cc. of li(|uid. 




Ftii. 31,— The Ii-renrlenrBich Fl».<k, 

This rtask is very frei|uently used, as it (toes not take 
up much room, ami on account of its Hmall size also, work- 
ing with it is not expensive. But the Ha.sk has this failing 
that it is somewhat easily upset. It is thei-efore advisable 
to place these flasks in Htnall' tin Iwxes made of various 
size.s, e,y., for fi, 10, 15, 25. 50 and 100 ftaska The height 
of the box may be made 35 cm. ; the other dimensions are, 
corresponding to the above numbers: fi x » cni„ 6 x 14 
cm., 9x14 em,. 14 x 14 cm,, 14 X 28 cm. ami 1!) x 38 
cm. 

When using the Freudenreicli Hask, cam must be taken 
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; the cap fast ; the flask ought never to be lifted by 

; for it may eaaily happen that the cap comes ofl* in 

id, and the growth in the llaak ia thus infected. 

le Hansen flask forms another modification of the 

iberland model (see Fig. 32). It is distin^ished by 

ig a wde tube, the lower part of the flask being either 

alar or cylindrical. The flask has this advantage, tliat 

m be connected with the side tube of the Pasteur flask. 





Fio. 33.— A Fniuiien- 
rdchFliuk with Hull, 
ber Tulw and sii S 
Tube. 



The side tube is either closed with an a^bestoR plug and 
sealing wax, or with a rubber tube and glass stopper. The 
first method is used specially when cultures are to be kept 
a long time in such flasks. 

Freudenreich and Hansen flasks are used not only for 
cultures in or upon culture liquids, but also for cultures on 
nutrient ^latine, which is allowed to solidify obliquely in 
order to obtain a larger surface. Although the evaporation 
is but small in Freudenreich and Hansen flasks, it is advis- 
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able, when the latter have to remain a long time with cultoreB 
on ^latine, or in or upon liquids, to attach a small S-shaped 
^lasH tube to the cap by means of a short rubber tube (Fig. 
IVA). During an experiment the tube and rubber aie 
removed from the flaHk. If the flasks only contain nutrient 
gelatine or liquid without cultures, the mouth of the c^ 
tube may be closed with a little sealing wax to prevent 
drying up. 

For thiH puriK)8e Alfr. Jorgensen has fitted a small hook- 
shajH'd tulx^ to tlie cap of the Hansen ilask (see t ig. 34). 

Tlic Freudenreich and Hansen flasks are well adapted 
for send in <; yoast specimens, the latter especially, as the 
culturi* li<iuid can be directly transferred to it from another 
thisk provided witli a side tube. Fig. 32 represents such a 
Hask (jn tlu» lK)tt()ni of which a layer of fat-free cotton wool, 
r, with yrast is plact'd, and the side tube of which is closed 
with asbestos and wax, d and c. The neck of the flask 
has also a cotton-wool plug, 6, the tube of the cap being filled 
in the oivlinarv wav with cotton wool, a. 

In ordei" to jn-event interchanging of caps in cleaning, 
lx)th ilask and ciij) should Ije etched with the same number. 

Pipettes nuist be used in working with culture liquids 
in Chaniberland and Freudenreich flasks. 

Flasks. — For many experiments, the ordinary Erlen- 
meyer flasks (with a capacity of 200 to 250 c.c.) are verj'' 
suitable because they can be used for solid as well as li(}uid 
nutrient media. The la3'^er of medium has a large surface, 
so that air has free acce^ss to the cultures. Fig. 35 re- 
presents one of these flasks which is seen to have a toler- 
ably wide neck which is closed by a cotton-wool plug tied 
down with a double layer of sterile filter paper.^ 

' When flasks covered iu this way are to bo put away in a damp place, 
a mould growth soon forms on the filter paper and the string which ties it 
down. This can be avoided by using a filter paper impregnated with a 
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The cotton-wool plug must always be passed through a 
flame before and after inoculation to kill any germs on it. 

As soon as the plug is quite dry after sterilisation, but 
Dot before, it is advisable to replace the double layer of 
filter paper by a tightly fitting rubber cap after the upper 
portion of the ootton-wool plug has been sterilised in the 
flame, in order that the culture medium may not completely 
dry up when left for a long time. 

Globular flasks, not having such wide necks, aie better 
adapted than the Erlenmeyer flasks for preserving small 
quantities of culture gelatine which are to be used for plate 
cnltorefl. 




Flo. 35,— He Eilcnmajer Fluk. 



The size in general use has a capacity of HO to 90 c,c. and 
is charged with about 15 c.c. of gelatine. It is not advis- 
able to iise smaller flasks than these, as the melted gelatine 
cannot be shaken up vigorously enough. 

The form of the globular flask may be seen in Fig. 36. 
It is closed with a cotton-wool plug and a tlouble layer of 
filter paper. If the gelatine is to stand for a long time, a 
rubber cap may then be useil instead of the filter pnper, the 
Mame precautions being ohservcd as were described above. 

Of the fiasks already described the Pasteur flask is the 

10 per cent, alcoholic qolution ol salicylic acid aud then dried. The string 
cui be aimil&rlj treated. 
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most reliable one to work with. This flaak is expensive 
iind taken up much room ; though not standing so well, 
the small cylindrical flasks, being cheaper, are coming into 
use wherever Huitable. Test tubes are also used in many 
laboratories ; but they are less reliable and are not well 
adapted for cultures in nutrient liquids. 

In wiiie-manuFacturing establishments large glass flasks 
with double-bored stoppers are used instead of the Carlsberg 
flask. Two tubes are fitted to the stopper as in the Pasteur 
flask. 

Petri Dishes. — Petri dishes consist of a set of two flab 
glass dishes (see Fig. 37). A suitable diameter for the 
lower dish is aliout cm. and for the upper 10 cm., the 




Fin. 37.— Petri 



height being about 1 5 em. These dishes are used for plate 
cultures. Each set is wrapped in a double layer of Alter 
paper and sterilised. 

7. — Apparatus for Spore Cultivation. 
Gypsum Blocks and their Containing Vessels. — Blocks 
of gypsum are generally uaed for the cultivation of the 
spores of saccharomycetcs. Fig. 38 represents a block of 
gypsum placed in a covered glass dish with sterile water. 
The block is in the form of a truncated cone, and the cover 
of the vessel fits quite loosely. The dishes used in the 
Carlsberg laboratory are the so-called " bird troughs " 
(Vogelniipfe). A suitable size for these, taking outside 
measurements, is as follows : Height, 45 to 5 cm. ; diameter 
of the bottom, about 7 cm. The gypsum block is 3 cm. 
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Ugh ; the diameter of the lower surface is 5'3 cu., that of 
flie upper mirface 38 cm. The manoer in which the culture 
u made od the gypeum block Vill be described further on. 
WhsD " bird troughs " are used which have a somewhat 
convex bottom, the gypsum block must be concave under- 
neath. To make a gypsum block, 2 parts of powdered 
gypsum are mixed with } part of water and the mixture 
potiied into a tin mould. The block should be hard, and 
the mould must not be rubbed with fat, oil or such material. 
Scnnetimes glass plates are used instead of glass lids, but the 
Ittter are to be preferred. 

A culture on a gypsum block in such a vessel cannot, as 
> mie, be kept free from bacterial infection, for the cover 




Flo. 38.— Oyiiiain Block 



must not be tightly closed down, but should allow irev. 
access of air. When therefore a spore culture is to be pre- 
served in a pare state, one uses not gypsum, but a shallow 
layer of water in a culture flask ; these and other methods 
are described later. But as a richer spore formation is got 
in the cultures on gypsum blocks than on other substrata, it 
is sometimes of importance to be able to produce bacterium- 
free spore cultures on gypsum blocks. Schiimning has 
therefore described a method for doing this. As may be seen 
in Fig. 39, there is taken for this purpose a Hansen flask 
into which the gypsum block has been moulded. The pro- 
cedure is as follows : First a paper cylinder is made with a 
diameter a little smaller than that of the neck of the flask. 
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This p*per cylinder is osed ss s monld, and a mixture of 2 
parts or gj-pnum and 1 part of water is poured into it. A 
glass iod is used for stirring the mix- 
ture to drive ont air babble& After 
the gypsum has solidified the paper 
is taken ofi*. a suitable length of the 
gypsum cylinder cat off, and a shallow 
<le[«%SBion made at both ends. The 
upper depression serves later for hold- 
ing the yeast, the lower one enables 
the cylinder to stand better on the 
curved bottom of the flask. As soon 

„ „ ,, „. as the cylinder has been placed in 

Kr-;. 39.— U\-«um Bltx-k in ^ *^ 

a iiuiKu KUsk (.fier side the flask it is fixed in position 

by some of the i^rpsum paste being 
cautiously poured ou the bottom of the flask through a small 
(taper filler without disturbing tbe position of the cylinder. 
The 8i<le and top tubes are closed with cotton wool 

These flasks and the ordiuary glass dishes with gypsum 
blocks are steriliaed for 1 to IJ hour at 110 to 115° C, the 
glass dishe.-4 being lirst wrapped in a double layer of filter 
paper. As mentioned above, the temperature should not rise 
abovi' 120° C. The ordinary gypsum blocks and cylinders 
are sterilised in a moist condition, but are difficult to get 
perfectly sterile. Spores of bacteria clinging to them will 
i»ften sui-vive the heating. 

The rubber tube fitted on tbe side tube in Fig, 39, 
which is dosed with a glass tube filled with cotton wool, is 
only fixed on after the cultui-e is laid on the block. The 
tubts is at tbe same time used for connecting with another 
"ask boldiiifr sterilo water. 

The laryc gypsum block standing in a vessel, as described 

" *•""' (Fig. :j(ij_ ij, jijjgj f^j. yp^j^ cultures in nearly all cases, 

w ««tP(,i„„iy convenient. The blocks of gypsum can 
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be used several times. They are cleaned by immersion in 
water; if very much contaminated they are boiled, being 
afterwards brushed with a stiff brush, and finally shaved 
with a piece of glass or something of the kind, after which 
they are washed with water. 

Sterile Water Holder. — A holder with sterilised water 
is brought into use in many kinds of experiments, for ex- 




Fio. 40.— Holder for supplying Sterile Water. 

ample, in gypsum block cultures. Fig. 40 represents a 
holder made in such a way that some of the water can be 
drawn off without the remainder being infected. 

The apparatus consists of a globular or conical flask 
with a capacity of about 2 litres. It has a double-bored 
rubber stopper. Through the one hole a glass tube passes 
to the bottom of the flask; it is twice bent outside and a 
rubber tube with a pinchcock is attached to the end. A 
filter, which consists of a glass tube packed with cotton 
wool and covered with a loose glass cap, is placed in the 
other hole of the stopper. 
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The whole apparatus is sterilised in the following way : 
The flask is filled with the necessary amount of distilled 
water, the stopper put in place and the long glass tube 
adjusted so that its end is above the water surface. The 
hole in which the filter is to be placed is shut by means 
of a glass stopper and the pinchcock removed from the 
tube. The water is now boiled on a sand bath for an hour, 
the steam passing freely through the glass and rubber 
tubing. The flask is now removed from the sand bath, the 
glass tube pushed down to the bottom, the glass stopper 
removed and replaced by the sterilised filter. The ap- 
paratus is again placed on the sand bath and the water 
again made to boil ; on account of the increasing pressure 
the water is now driven through the glass and rubber 
tubing ; the pinchcock is now fitted to the latter and the 
flask removed from the sand bath. All that is required 
now to get a continuous stream of water is to open the 
pinchcock, the tube acting as a syphon. To prevent the 
apparatus from becoming infected when not in use, the 
glass jet at the end of the rubber tubing is passed through 
the cork of a test tube or small flask containing alcohol. 
Before use, a little water is allowed to run off to remove 
alcohol. The whole apparatus is placed on a stand which 
should not be too low. In more delicate experiments it is 
preferable to use sterile water taken from such flasks as 
are only opened once. 

8. — Moist Chambers. 

Moist chambers are employed in investigations on de- 
velopment, for producing pure cultures, etc. 

Hollow Glass Slips. — The simplest form of this ap- 
paratus is the hollow glass slip, by which is understood 
a slip having an oval or circular depression in the middle. 
A drop of culture medium or liquefied nutrient gelatine 
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containing the micro-organism to be examined in placed 
on a cover glass and laid over the depression so that the 
drop 18 below. The cover glass is then fastened to the 
glass slip with vaseline. 

Ranvier's Moist Chamber. — We may UHe Kanvier'n 
moiBt chamber for the same purpose (see Fig. 41). It con- 
sists of a glass strip in which there is an annular groove. 
The medium containing the organism is placed on the part 
of the glass slip inside the groove, which is thinner than 
the outer part of the strip ; a drop of water may be put 
into the groove, this however not being always necessary. 
A cover glass is now carefully laid on so that the drop does 
not flow into the groove. To keep the cover glass in position, 
it is smeared with vaseline, which may be applied in the 





Fio. 41.— Ranvier's Moist Chamber. Fiu. 42.— Bottcher's Moist Cliamher. 

liquid condition by means of a brush. The covtr (^lass is 
thus made to fit air-tight. In addition the edge can be 
painted with a liquid mixture of 1 part of vastdine and 2 
parts of beeswax. 

Bottcher*8 Moist Chamber. — Fio;. 42 represents 
Bottcher s moist chamber in which a glass ring is cemented 
to a glass slip.^ A drop of water is placed on the bottom 
of the chamber, and the cover glass carrying the culture 
medium and the micro-organism next laid on the ring. The 
culture is, of course, on the under side of the cover glass, 
the latter Ixiing fixed on the glass ring by means of melted 
vaseline. The cover glass may also be stuck on to the ring 

' Good strong chambers of this kind may bo obtained from Messrs. 
Altmann, Berlin. 
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by means of fish gloe and then the ring fastened to the 
gU»> slip by means of vaseline. The ring must be adjusted 
on thif ;;lawi slip r-o that the adherent medium is not din- 
solve<J by tht^ water. In most cases only one drop of 
wai^r is plact^l in the middle of the chamber, so that even 
when the ailherent substance is soluble in water, there will 
be little chance for the ring to bectxne loose. It is certainly 
best to us^ an iu-soluble medium when a loose adbedon 
with vtLSf line is not employed. An adhesive medium can 
be maiif from a mixture of wax and a little turpentine ; it 
in paiiite^l on after melting. Sj-ndetikon, fish glue, water 
glass, eto., are all soluble in water. 
Two sizes of rings are in general 
use, hanng diameters of 30 mm. and 
18 mm. respectively. The former 
are used chiefly for preparing pure 
cultures, where the presence of a 
large number of colonies is desired 
in one chamber. Squared cover 
Fid. -t-^-Huji.! tnr Moist tjlas.ses are often used for this. 

Stand for Moist Chambers 

When many moist chaniljers with cultures are in use at 
the same time it is convenient to have a stand for them 
<Hee FifT. +3). 

'■>■ — AiUlitiuiuil Apparatus. 
Pipettes are UHed in many sizes and it is necessary to 
have ft larfre titock of them. Some of these must be gradu- 
'ited ami l,ave a capacity of j c.c. to 100 c.c. It is also 
nuciHHary to have ready varioua sizes of ungraduatod 
into**^"' * ""'"'*'"■ **^ ^^^"1 being drawn out at one end 
th« I '*'"*'' ''^'''"'"■y ^^^»- So"'e of each kind must have 
''f thoT' ''^"^ '""*"' ^""^ ^^^" enough to reach to the bottom 
aHtuur ttasks through the side tubes. Such pipettes 
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as a rule are not on sale, so that they have to be ordered 
from a glass blower. Before the pipettes are sterilised, the 
top end is closed with a small plug of cotton wool. They 
are sterilised and kept in suitable metal cases provided 
¥dth lids and on the bottom of which some cotton wool 
is placed; or each one may be wrapped in filter paper 
and sterilised. 

Rubber Tubing for Flasks. — Red rubber tubing is 
used for culture flasks having side tubes. Pieces 8 to 9 cm. 
long will be found the most suitable for the Pasteur flasks. 
These are first washed in spirit and then both ends are 
closed with glass stoppers, the latter having a length of 
about 6 cm. and being drawn out at both ends. To pre- 
pare a number of such tubes in sterile condition they are 
placed in a beaker or similar vessel, covered with filter paper 
tied on, and kept in a current of steam for one hour. After 
the rubber tubes have been once used they must be boiled 
in water before sterilisation. 

Platinum Brush. — Lastly, platinum brushes ought to 
be mentioned here, these having often proved useful. 
They consist of pieces of fine platinum wire which are 
collected together like the hairs of a brush and fused into 
the end of a glass rod. They may be obtained from 
Qeissler's successors, Bonn. 

II. — Nutrient Media. 

We shall now describe the nutrient media commonly 
employed, theii* preparation and sterilisation. 

1. — Liquid Media. 

Beer Wort is one of the most frequently used nutrient 
solutions. It is not usually prepared in laboratories but 
obtained from breweries, and may be used either as malt 
wort or as ordinary hopped wort ; the former, however, is 
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only exceptionally used. If a dear wort is desired, filtered 
wort, i.f., wort which has been passed through the filter bags 
in the brewery, can be used. An absolutely clear wort is 
obtained by netting this aside and allowing it to take up 
oxygen from the air : a deposit forms at the same time. 

If the method of boiling on the sand bath is employed 
for sterilisation of the wort, the latter must be diluted with 
sterile water on account of the great evaporation which 
takes place, so that the concentration may be approximately 
the same aft^r sterilising as before ; usually a mixture of 
7 parts of wort and 1 of water will be found most suitable. 
The dilution is unnecessary when steam heating is used for 
.sterilising. 

Wort contained in Pasteur flasks is sterilised on the 
sand bath in the following manner : The wort is boiled 
for an hour ; during the first three-quarters of an hour the 
steam is allowed to pass out of the side tube through the 
open rubber tubing ; the glass plug after being sterilised in 
the Hame is then put into the tube so that during the 
remaining time the steam only passes through the bent 
tube. As soon as the flask is removed from the sand bath, 
the tube is closed with the asbestos plug. The air which 
passes in as the flask cools is sterilised by its passage 
through the hot tube. Later on, after the tube has cooled, 
the current of air passes very slowly through the tube and 
is thus filtered by the asbestos. 

The wort in the diflerent flasks is sterilised by means of 
steam at ordinary pressure for a half to tlu'ee-quarters of 
an hour, large flasks with 70 c.c. of wort requiring tliree- 
({uarters of an hour, the smaller flasks, t'.r/., the Freuden- 
reich, half an hour. 

After sterilisation it is advisable to let the flasks remain 
at least fourteen days before use in order to be able to judge 
to what extent the wort is sterile. Dui-ing this time the 
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wort takes up oxygen, and the germs which may possibly 
be {H^aent will develop. 

Sterilisation of wort in Carlsberg vessels is performed 
in the following way : Each of the two straight side tubes 
18 provided with a 10 cm. length of thick grey rubber 
tubing which must be very stout and fit exactly. To 
prevent displacement it is fastened with copper wire. The 
asbestos filter, the lower opening of which is clased with 
eotton wool (the upper one has a loosely fitting metal 
eover), is sterilised by itself in filter paper in the hot air 
chamber for two hours at 150° C. A glass plug is inserted 
in the lower rubber tube which is also provided with a 
pinchcock. After this, about 5 litres of distilled water 
are poured into the vessel, which is then placed over a 
powerful gas flame. The water is kept boiling for three- 
quarters of an hour, during which time the upper side tube 
remains open. The hot steam thus passes out, until at the 
end of three-quarters of an hour the tube is closed with a 
glass plug ; steam is then allowed to pass lor a cjuarter of 
an hour through the bent tube, the gas flame being mean- 
while turned down a little ; afterwards the hot water is al- 
lowed to run out through the lower side tube and sterilise it, 
in case the vessel should be used the same day for sterilisation 
of beer wort. If this is not the case, only about 100 c.c. are 
drawn off, the rest remaining in until the vessel is filled with 
wort, the bent tube being closed with an asbestos plug. 
While the water is running out, the bent tube is heated 
with a gas flame to sterilise the air which passes in to 
replace the water. When the water has been removed 
in this manner, the vessel can be filled with nutrient solution. 
We will assume that this, as is usually the ease, is wort. 
The vessel is then charged with 7 litres of ordinary wort 
and 1 litre of distilled water,^ the asbestos plug being taken 

^This amount is sufficient when a threc-hunier Bunscn is used for 
heating the vessel. 
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out of the bent labe and the mixture heated to boiling ; the 
tifUsft stopper L<« also removed from the upper side tube. The 
wort bi hoile^l for three-quarters of an hour. The rubber 
of the upper side lube is then dosed with a glass plug 
which has been sterilised in the flame, and the steam 
allowed to escape for another quarter of an hour through 
the l)ent tube, under which a gas flame is now placed. 
About 100 CO. of boiling hot wort are then drawn oti 
through the lower side tube, and the rubber tube thus 
sterilised again. The part of the rubber outside the pinch- 
cock is cleaned either with the aid of sterile filter paper 
or by means of a hot iron rod, whereupon the glass plug 
previously sterilised in the flame is quickly put into place : 
during this the flame is kept under the bent tube. As 
soon as the wort has become lukewarm the filter is placed 
on the l)ent tube. To do this it is taken out of the filter 
paper in which it was wrapped for sterilisation, the cotton- 
wool plug is removed in a flame and the filter screwed on 
to the tube, the Bunsen flame meanwhile being held over 
the mouth of the latter. Finally the flame used for heating 
the l)ent tube is removed. 

Before the wort is used it must be aerated. This can 
be done by allowing the wort to stand for several months. 
If, however, an air-pump can be used the aerating and 
cooling of the wort can be performed on the same day. 
Assuming that the air fiT)m the pump is pumped through 
a tube which ends in a stopcock, the procedure is as follows : 
Before the air comes into contact with the wort it must be 
free from stray germs and is therefore passed through a 
filter ; the latter consists of a metal tube filled with cotton 
wool, and Ih conveniently about 25 cm. long and 3 cm. in 
f «n*^^ About 40 grams of cotton wool are necessary 

two h ^^"^ ^"^''' ^"""^ ^^^^''* ^^ sterilised at 150° C. for 
ours previously. The whole filter is then packed in 
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filter paper, sterilised in the same way and then connected 
with the tube from the air pump. 

While the wort in the vessel is still boiling, a gas flame 
is placed under the bent tube through which the steam is 
escaping. The rubber tubing of the lower side tube is then 
connected with a bent sterilised glass tube, and the latter 
placed in connection with the air filter by means of a sterile 
rubber tube. 

The air stopcock above the filter is now opened a little, 
and at the same time the pinchcock, which is afterwarda 
pushed forward over the rubber tubing on the glass tube ; 
the air now goes through the wort. The gas flame under 
the vessel is then removed, and some minutes later the flame 
also under the bent tube. The aerating is continued 
until the wort cools to 30 to 35° C, i.e., for about five to six 
hours. If the temperature during aeration faUs below 30° C. 
the wort usually froths out through the bent tube, and this, 
of course, ought to be avoided. About 60 litres of air are 
required for 7 to 8 litres of wort. 

Before the aeration is stopped the bent tube is again 
heated. The communication is now interrupted by closing 
the lower rubber tube with the pinchcock, and at the same 
time the stopcock above the air filter. The glass tube ia 
removed from the rubber tube, the latter cleaned out and 
speedily closed with the flamed glass plug. Simultaneously 
with the removal of th.e gas burner from under the bent 
tube the asbestos filter is screwed on. As soon as the wort 
is completely cooled it is ready for use ; yet it is also advis^ 
able here to let it stand for fourteen days in order to make 
sure that it is really sterile. 

Besides its use in fermentation experiments with large 
quantities of liquid, the Carlsberg vessel can also be employed 
with advantage in storing large quantities of nutrient 
solution; the latter can then be drawn off" into smaller 
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dttsksL wfakh are coonectod wilh the laige veasel. This is 
of imporCAnee. for example, when <Mie requires an abeolutely 
dear wore : it i» then only drawn off from the Carlsberg 
vessel after it has stood long enoo^ If the same wort 
is to be placed in a larger nomber of flasks the same pro- 
cedoiv L< followed. While tapfnng, the filter is removed 
and the bent tube heated. 

When it is expedient to avoid sterilising brewery wort 
again in the laborat<My, the Carlsberg vessel may also be 
used by puttin^x it in commonication with the wort cylinder 
of the Han!^n-Kiihle pore cidtnre apparatus, and filling it 
with the cooled, aerate«L sterile brewery wort. For many 
experiments this has, in addition, the important advantage 
that exactly the same wort can be treated in the laboratory 
as is treate*! iu the brewery ; the composition of the wort 
is. of course, very much changed by repeated sterilisation. 

When, therefore, the wort from the wort cylinder is 
to l>e filletl into a Carlsberg vessel the following process is 
aJopteil : The uf^i^er side tube of the vessel is connected with 
a cock on the wort cylinder by sterilised glass and rubber 
tubing. This manipulation must, of course, be performed 
with due ivganl to all precautions, all the more as the wort 
cylinder is generally set up in the neighbourhood of the 
fermenting room, and the conditions of working are thus 
more difficult than in the lalx)ratory. A right-angled glass 
tube is first iiLsertetl in the rubber of the lower side tube 
of the vessel (the pinchcock remaining in position) ; this 
tube should lie about the height of the vessel, and should 
have been sterilise<l beforehand. The advantage in using 
this glass tube is that the quantity of wort in the vessel may 
be note<l and the supply cut off when the vessel is exactly 
full. When the vessel lias been connected with the wort 
(cylinder in this fashion the asbestos plug is removed from 
th(^ bent tub(j and the wort is allowed to flow, the pinch- 
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eock on the lower side tube being at the same time opened. 
When the vessel has been charged with the required 
quantity of wort the pinchcock is shut, and imme- 
diately afterwards the tap of the wort cylinder. Before 
eommunication between the vessel and the cylinder is 
interrupted the sterile filter is screwed on to the bent tube 
of the vessel in the usual manner. Then the glass tubes are 
taken out of the rubber of the two side tubes, this being 
done in the flame. Before the flamed glass plug is inserted 
in the lower rubber tube the latter ought to be sterilised 
by means of a hot iron rod. When the right-angled glass 
tabe is removed the wort remaining in it runs out, and the 
rubber tube of the Carlsberg vessel may thus be wetted. If 
tiiis happens it must be well washed with spirit and after- 
wards flamed, dried up wort being a splendid culture 
medium for moulds and other micro-organisms. 

If a Prior vessel is used, the aerating of the wort pro- 
ceeds as a consequence of the temperature difference between 
the air in the vessel and that outside, the air being sucked 
through the wort. The construction of the vessel may be 
seen from Fig. 29. 

As soon as the wort in the vessel is sterilised in the usual 
way and some hot wort drawn otf through a, thus sterilising 
this tube, the flame is extinguished, the air filter, /, put in 
place and the rubber tubing connecting both parts of the 
tube, r, completely closed by a pinchcock. The air which 
is sucked in at a, in consequence of the formation of a rare- 
fied space over the wort, passes through the filter at / into 
the lower part of the tube r, then through a into the wort, 
and collects in the flask above the wort, which takes up 
more or less of its oxygen. The aiirating is continued until 
the wort has reached the temperature of the surrounding 
air, and is very vigorous in the first stages, as one can hear 
from the noise of the bubbling. As soon as the temperature 



78 FERMENTATION ORGANISMS 

has reached a state of equilibrium the pinchcock is opened, 
thus making communication with the outer air again in 
the old way. Cultivation of yeast can be proceeded with 
imme^iiatcly. 

Wort, with the addition of tartaric acid (to the amount 
of (>'•) per cent, for mixtures of yeast and bacteria to exclude 
the latter), is made by adding a concentrated solution of 
tartaric acid in sterile water to the necessary amount of 
wort ; the mixture is then sterilised. There now arises this 
<litBculty, that a fairly strong deposit forms, containing, 
among other things, albuminoids ; both solutions can, there- 
fore, he mixed after sterilisation, when only a small propor- 
tion of tartaric acid is added ; the dilution of the wort is 
then so slight that it may be neglected. When it is desired 
to make a specially strong solution of tartaric acid in wort 
the acid is dissolved directly in the wort Such tartaric 
acid solutions bump violently during boiling ; this may be 
avoided by adding to the solution some pumice stone which 
has been heated to redness. 

Water is invariably used distilled, and is tolerably diffi- 
cult to obtain completely sterile ; it ought, therefore, to be 
alwavs sterilised several times at intervals of one to two 
days in a current of 8t<?ani. Sterilising two or three time^ 
is sufficient in most cases : the water is then boiled for three- 
quarters of an hour the Hi^t time, and for half an hour the 
second and third times. The reason for proceeding in this 
manner lies in the fact that certain bacteria spores present 
in water can siu'vive a temperature of 100° C, while, on the 
other hand, the growing cells of these bacteria are destroyed 
at this temperature. The germinating power of the spores 
can even be increased by heating ; the water is, therefore, 
left at rest for some time after the firet heating, the spores 
germinate and are then easily killed by the subsequent 
heatings. 
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When water is to be sterilised under pressui-e it is heated 
for an hour in the autoclave at a pressure of 1 to 1^ 
atmosphere. 

Yeast Water is an extract of yeast and is an extremely 
{avourable culture medium for bacteria and yeast cells. 
Teast water is prepared by boiling ^ kilogram of pressecl 
yeast free from starch with 2 litres of distilled water for about 
half an hour ; the liquid is filtered while yet warm and then 
the solution boiled for another half-hour and filtered, after 
which it is distributed in flasks and sterilised in a current 
of steam for about three-quarters of an hour. The yeast 
water thus obtained is however too concentrated for ordinary 
experiments. When, therefore, it is about to be used it is 
mixed with an equal quantity of sterile water, or as much 
as to make the mixture sherry-coloured, and then sterilised 
in flasks for three-quarters of an hour without pi*essure. 

Meat Extract is prepared according to B. Koch in the 
following manner : 500 grams of meat free from fat, and 
1,000 grams of distilled water, after being thoroughly 
stirred together, are left for twenty-four houi-s in an ice safe, 
or, during the winter, in a cold situation. The iicjuid is then 
expressed, boiled and strained, by which metiiLs the precipi- 
tated albuminous bodies are. remo veil ; 5 gi*anis of sodium 
chloride and 10 grams of peptone are dissolved in every 1,000 
grams of the meat extract, which is then neutralised with 
sodium carbonate. Tlie liquid is now filtered at boiling 
temperature, sterilised for two houi^s and preserved in 
Pasteur flasks. 

Fruit Syrups are most easily prepared from fresh fruit ; 
after sufficient dilution with water the}' are sterilised for an 
hour in a current of steam. 

If no fresh fruit is obtainable, dried fruit may be used 
as a substitute. For instance, a syrup may be prepared 
from dried apples in the following manner : 1 kilogram of 



80 FERMENTATION ORGANISMS 

dried applen, 5 litres of water and 20 grams of tartaric aciiT 
are allowed to stand for twenty-four hoars ; the mixture is 
then pressed, filtered and sterilised. 

In the same way a grape juice can be prepared from 
raisina But it is easier to use the concentrated grape juice 
obtainable as a commercial product recommended by Wort- 
mann.^ It is prepared in Sicily by evaporating the freshly 
prepared juice to about one quarter of its volume. It in 
viscous like syrup and contains about 65 per cent, of grapt^ 
and fruit sugar, in addition to live yeast cells which, however^ 
do not develop so long as the syrup remains concentrated. 
When it is about to be used it is diluted with 3 parts of water, 
clarified, if necessary, filtered and then sterilised in steam. 

Solutions of Saccharose and Dextrose. — Other solu- 
tions in common use which might be mentioned are a 10 
per cent, solution of saccharose in water, and a 10 per 
cent, dextrose solution in yeast water ; both are sterilised 
for half an hour in steam. 

Beer should be sterilised in the autoclave for a quarter 
of an hour under a pressure of 1 to 1 J atmosphere. It is not 
advisable to fill beer into flasks with rubber connections 
because, as mentioned before, the rubber tubing cannot 
stand the pressure. On boiling on the sand bath the whole 
of the alcohol would disappear; on the other hand, after 
sterilisation in the autoclave the beer contains half of the 
original (juautity of alcohol. It has been shown that lager 
beer containing 5*65 j)er cent, of alcohol by volume retains 
2*8 per cent, after sterilisation for a quarter of an hour 
under IJ atmosphere pressure in Freudenreich flasks. If. 
therefore, sterilised beer is required with the whole quantity 
of alcohol the proper amount must be added either before or 
after sterilisation. 

^ Concentrated grape juice is obtainable, /'.«/.. from Messrs. Favara and 
Sons, Marmara del Vallo, Sicily. 
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Dlsoontinuous Sterilisation. — Those substances which, 
from any cause, cannot withstand boiling may often be 
sterilised by a discontinuous process, the media being sub- 
jected to a temperature of SG-dS** C. for two to four hours 
every day for a week. 

Sterilisation by Filtration. — We have hitherto described 
the sterilisation of nutrient solutions by heat alone. In 
those exceptional cases in which this method cannot be 
employed, filtration through special filters is substituted. 
The beet known of these are Chamberland s and Berkef eld's 
filtera In the first of these, filtration takes place through 
a tube of biscuit ware, the liquid being passed through by 
pressure or suction. The pores of the tube, however, are 
quickly clogged, rendering a frequent cleaning and sterilis- 
ing necessary, the bacteria otherwise spreading through the 
filter. In the last-named filter the filtering medium coiLsists 
of kieselguhr. 

It is advisable to have a stock of the various culture 
liquids in concentrated form, as they do not then occupy 
so much room. 

2. — Solid Culture Media. 

Gelatine and Agar-Agar. — In the preparation of 

nutrient gelatine care must be taken not to make the 

heating too long or too strong, as the gelatine there! )y 

loses its power of setting and is thus rendered useless. 

The procedure is as follows: The (quantity of gelatine is 

weighed and placed in the boiling liquitl, which has also 

l>een weighed, and diluted with the necessary quantity 

of water to prevent over-concentration. Heating is 

carried out in a dish on a sand bath, as gelatine solution 

is very easily burned ; it is therefore advisable to keep 

stirring the mixture as long as it is over the flame. As 

soon as the gelatine has dissolved, the solution is removetl 

6 
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from the source of heat and oooled to aboat 50"* C, when a 
small amount of fresh albamen ^ is added ; the latter is first 
beaten up with a little water, this being most readily done 
by shaking up violently in an ordinary medicine bottle. 
The white from one egg is sufficient for two litres of liquid. 
The gelatine solution is thereupon mixed well with the 
white of egg solution, the whole then put on the sand bath 
and cautiously heated to boiling without stirring. This 
coagulates the white of egg in a few minutes, and it separ- 
ates out in large flocks which aggregate all the suspended 
matter and impurities present in the gelatina The whole 
is now weighed to ascertain if the weight has remained the 
same: if the weight is too small, sterile water is added; 
otherwise the liquid must be carefully evaporated at a 
gentle heat until the proper weight is arrived at. The 
gelatine solution is strained through a flannel while it is 
still warm, the flannel being stretched on a wooden frame. 
In many cases a perfectly clear gelatine is not required, and 
it is then unnecessary to filter it If on the contrary perfectly 
clear gelatine is required, it is filtered boiling hot through 
a paper filter provided with a toughened point. This filter 
is placed in a glass funnel fitted in a copper funnel (see Fig. 
44). The latter is double walled and provided with a closed 
side tube. There is an opening on the upper edge of the 
funnel which allows of the space between the walls being 
filled with warm water. Under the side tube a gas flame 
is placed which keeps the water boiling during filtration ; 
the gelatine is thus prevented from setting. 

Smaller (quantities of nutrient gelatine may be prepared 
with least trouble on the water bath. 

^ AccordiDg to Rich. Meissnor the use of dry albumen is not to be 
ecommended, an it ha» been shown that when it is used for clearing the 
gelatine, organisms sown on the latter are hindered in their develop- 
ment. This probably arises from the formation of secondary products 
(ptomaines ?) during the drying. 
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Paateur flasks are best for preserving Dutrient gelatine 
u Uiey do not allow any drying up. The strained or filtered 
gelatine while still hot is poured into a flask, previously 
iterilised, and boiled for five minutes on the sand bath. A 
smaller amoont may be stored in different small flaskit 
MGording to the purpose for which it is intended. As 
T^iards preflervation of nutrient gelatine to be used for 
ordinary plate culture, it is advisable to use the globular 
flask represented in Fig. 36, which is charged with about 
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15 cc. of gelatine. The gelatine is here also boiled for five 
minutes on the sand bath, after the tla»k has boen plugged 
with cotton wool and covered with a double layer of filter 
paper. In case the flask in to rumain for a long time, it is 
of advantage to use a rubber cap in place of the filter paper 
These flasks are to be used in pret'erenee to test tubes or 
Freudenreich flasks, because the liquefied gelatine seeded 
with a culture cau be better whaken up in the former than 
in the latter, it being above all desirable when making 
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ordinary plate cultures to distribute the germs as much as 
possible. If the gelatine is to be applied for surface plate 
cultures, test tubes or Freudenreich flasks may be used in 
which the culture gelatine is only liquefied without being 
mixed with the germs ; but globular flasks are also prefer- 
able in this case. 

In Freudenreich flasks, gelatine is sterilised for a quarter 
of an hour in steam. After the sterilisation is finished, the 
flasks are placed in an oblique position until the gelatine 
has set. When these flasks are to contain their gelatine 
for a long time, the cap tube ought to be closed with wax 
or with the S-shaped tube mentioned previously (Fig. 33), 
to prevent the gelatine drying up. Gelatine ought in 
all cases to stand for some time before use, partly to see if 
it is sterile, and partly because it can then resist higher 
temperatures better without melting. With regard to the 
latter property, diflerent kinds of gelatine behave diflerently. 

Hueppe recommends the discontinuous method of 
sterilising gelatine, this consisting of subjecting it daily, for 
four to five days, to a boiling heat for five minutes. 

Wort gelatine, yeast water gelatine, fruit syrup gelatine, 
etc., are prepared with a content of 7 to 10 per cent, of 
gelatine, that is, as much as will enable them to stand 25° C. 
without melting. Meat extract peptone gelatine is, on the 
other hand, always prepared with at least 10 per cent of 
gelatine. Ten grams of gelatine are dissolved in 100 grams 
of meat extract in the usual way ; sometimes it will be ne- 
cessary after adding the gelatine to neutralise with sodium 
carbonate, for the gelatine, as is known, gives an acid 
reaction, and many bacteria do not thrive even on a feebly 
acid medium. Meat extract peptone gelatine is always 
sterilised by the discontinuous process. 

Nutrient agar-agar is prepared in a similar way to the 
gelatine ; but it must be cut into very small pieces before 
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being put into the boiling liquid, and has to be boiled for 
some time before it dissolves. The proportions in this 
ease are 100 grams of liquid to 2 grams of agar-agar 
Filtering is, as a rule, avoided, as it is only accomplished 
with di£Bculty, agar-agar requiring a higher temperature to 
keep it liquid. Hence, white of egg is not used for clearing. 
If it is desired to remove coarser suspended matter, the 
solution can be strained through linen. 

If, however, the agar-agar has to be filtered, Giesenhagen 
recommends the following method. To accelerate the agar 
filtration he employs filtration in steam, and distributes the 
substance among several filters working simultaneously. 
Small tin funnels with turned down edges are used for 
filtering, and these are provided with flat enamelled covers 
with projecting edges. Three funnels are placed in rings 
round the stem of a special stand arranged over Erlenmeyer 
flasks of appropriate size (each of the three filter stands 
is 16*5 cm. high and 8 cm. wide). The wadding plug 
for each flask is fixed in the meshes of the wire stiind. 
Two, or in high steam chambera even three, such sets of 
filters (ie., 6 to 9 filters) can be arranged for steaming. The 
filtering is done through two folded filters. Nutrient agar- 
agar is employed for cultures at high temperatures, gelatine 
being unsuitable as it becomes liquid. 

Mixtures of agar-agar with gelatine are prepared in the 
proportions of 100 gi-anis of culture medium, 1 or 2 grams 
agar-agar, and 4 or 3 grams of gelatine. The addition of 
gelatine prevents the separation of water wliieh always 
takes place when pure agar-agar is used. 

Litmus gelatine is sometimes used as a reagent for 
<letecting the formation of acid during the growth of 
a micro-organism. It is pn^pared according to Hueppe in 
the following way : An atjueous solution of the colouring 
matter is made up, stto*ilise<l and allowed to cool. The 
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j^latine is li(|uefied at 30° C. (the agar-agar at 40°), ^nd is 
then mixed with the equally hot litmus solution. The 
latter should only be ho strong that its action as a reagent 
is just distinguishable. 

Other Solid Media. — Bread might be mentioned as one 
of those solid media which are sometimes employed. It 
is made into a paste with a little water and sterilised by 
steam ; rice may be sterilised in the same way. Manure 
(with or without addition of water) is sterilised several 
times with an interval of one or two days. These substrata 
are employed, e.g., in cultivating moulds. Potatoes are 
fretjuently use<l for the culture of bacteria. The potatoes 
are cleaned well with a brush and laid for some minutes 
in a 10 per cent, solution of sublimate and afterwards in a 
01 per cent, sublimate solution for half an hour to fifteen 
hours. Finally they are well washed with water and then 
sterilised for two hours in steam and cut up. 

III. — Methods. 

1. — Microscopical Investigation of Micro- Organisms. 
Preparation Making. — A preparation of a micro-organ- 
ism is made as a rule by putting it in a drop of litjuid 
or in Canada balsam, etc, on a glass slip and layint' a 
cover glass on it. Water is often use<i (best when distilled 
and sterile so as to exclude outside organisms from the pre- 
paration) ; a little of the growth to be investigated is taken 
out with a platinum wire or similar instrument and stinted 
in the water. If it is in a culture li<iuid, a sample can l)e 
taken out with a small glass rod and placed direct on the glass 
Hhp without addition of water. The needles and rods used for 
taking out samples must of course be sterilised beforehand 
when the cultures are to ]>e preserved pure ; all the usual 
precautions must be observed. When the cover glass is laid 
on the drop the enclosing of air bubbles in the lic^uid is to 
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be avoided. These can, however, when formed, be expelled 
by a cautious tapping on the cover glass. Yeast cells and 
moulds are usually examined in the unstained condition. 

Water-mounted preparations can be kept for some time 
if the cover glass is sealed round the edge to the glass slip 
so that no evaporation can take place. A very suitable 
medium for this purpose is a solution of common sealing 
wax in spirit, or a melted mixture of vaseline and bees- 
wax. If it is wished to make really durable preparations, 
Hantschs solution (see p. 92) is added drop by drop to 
an ordinary preparation in water so that after some time 
the only liquid remaining in the preparation is glycerine, 
the alcohol and water having evaporated. The gradual 
addition is necessary so that the form of the cells may not 
be altered too much by the water-absorbing propei-ty of 
glycerine. Afterwards the edge of the cover glass is 
sealed either with the above-mentioned sealing wax solu- 
tion or with asphalt lac. This method is especially suit- 
able for preparations of yeast cells and moulds. For the 
preparation of stained bacteria specimens see below. If 
the latter are to be made permanent they are mostly 
mounted in Canada balsam. In permanent specimens the 
cells always lose their natural form to some extent. 

Removal of Grease from Cover Glasses. — In preparing 
a microscopical specimen which is to be fixed, hardened 
and stained, it is necessary to use perfectly clean cover 
glasses. To obtain these it is not sufficient to clean them 
in the ordinary way, but means must be employed to 
remove the thin layer of gi'ease which always adheres to 
the glass. The cover glass is first laid in some strong 
mineral acid (hydrochloric or sulphuric), then washed with 
water and boiled in a soda solution ; it is again washed 
with distilled water, dried, washed in absolute alcohol and 
again dried. 
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Fixing and Staining of Yeast Cells. — After the cover 
glans is carefully cleaned in this manner a drop of the 
culture is spread over it in as thin a layer as possible, 
and the cover glass left under a glass bell until the drop 
has completely dried up. If the culture is present in a 
solid 8ul)stratum, a little of it is distributed in a water drop 
and the mixture spread on the cover glass. As regards 
the staining of a yeast cell preparation, e.g., with an aniline 
dye, the preparation, thoroughly dried in air by the above 
method, is taken up by means of a pair of forceps with the 
prepared surface upwards and drawn through a small gas 
Hame three times with imiform speed describing a vertical 
circle with a diameter of about one-third of a metre, the 
three motions occupying about three seconds. The speci- 
men is thus fixed and hardened. A little of the staining 
solution is now put on the cover glass, allowed to act for 
some minutes and then washed oft* with distilled water. 
The clean side of the cover glass is next dried with filter 
paper, and the specimen is then ready for examination. 

The distinguishing of dead cells from living ones has 
l>een assiduoasly carried on in most brewery laboratories 
since the microscope came into general use. But the value 
of the indications given by the reagents employed for this 
purpose has been very much overestimated. The ques- 
tion seems to deserve proper investigation. According to 
Wehnier, a half per cent, methylene blue solution will stain 
the dead ccills indigo blue, while the living cells remain 
colourless. 

Staining of Yeast Spores. — Ziehl's carbol fuchsine 
solution (see page 02) is used for colouring the spores 
of yeast cells. As soon as the preparation has been fixed 
in the above-described manner, it is laid in a small ciiicible 
or watch glass with carbol fuchsine, heated for a short 
time to boiling, and then washed with water, afterwards 



METHODS OF INVESTIGATION 89 

vrith dilute add (5 per cent.), and then again with water. 
The spores are then usually coloured red ; the rest is colour- 
less. Sometimes other coloured bodies appear besides 
iipores, and it may also happen that some single spores 
remain colourless. 

Staining of the Yeast Cell Nucleus. — The detection of 
the cell nucleus is no easy matter. Janssens and Leblanc 
recommend a modification of Moeller's method, viz.y the 
following : A few dix)p8 of a solution of iodine in potassium 
iodide (1 part potassium iodide, 100 parts of water, iodine 
to saturation) are placed on a glass slip ; and a little of the 
yeast in question is stirred in. A drop of the mixture is 
then spread on a well-cleaned cover glass. Immediately 
after the mixture has dried, the cover glass is put into the 
iodine solution and allowed to lie for twenty-four hours. 
The specimen is now hardened ; the cover glass is taken 
out of the iodine solution, placed first in water, then in 
33 per cent, alcohol, next in 80 per cent., and, finally, in 
1)5 per cent, alcohol. Before procee<ling to stain, the yellow 
colour of the cells must be completely removed. In ease 
this is not ettected by the 80 per cent, alcohol, an a(|ueou.s 
solution of potassium iodide (1 to 8 per cent.), or ether may 
be used. The specimen ought to lie at least forty-eight 
hours in the 95 per cent, alcohol ; a longer soaking is not 
harmful, but is unnecessary. Carbol fuchsine is used for 
staining, the cover glass being warmed in a little of this 
liquid contained in a watch glass. The cover glass is then 
washed several times with water, and, finally, with very 
dilute sulphui*ic acid. 

Heidenhain's method may also be adopted, the pro- 
cedure being as follows : The fixed specimen is laid for four 
houra in a solution of 2o iri'^^ins of ircm alum in 100 c.a of 
rUstilled water; it is then place<l for twelve to eighteen 
hours in a solution of Oo gram of hacniatoxylin in 100 cc. 
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of flistilled water. LaRtly it is decolorised in the 
manner. 

Fixing and Staining of Bacteria. — ^A preparation ft 
bacteria iH stained and fixed in the same way as a ye«i 
pre{)aration. A drop of an alcoholic aniline dye solattoa 
i8 then alloweil to act for some minutes, after which washing 
with distilleil water takes place. 

A Hpecial method of staining is described by Chr. Gram, 
which has found extensive application, chiefly because it ib 
UMe<i as a method of diagnosing certain species of bacteria. 
According to this method the fixed specimen is stained from 
one to three minutes in a hot saturated solution of gentian 
violet in aniline water, and then immersed tot one to Uiree 
minutes or longer in a solution of iodine in potassium iodide. 
A precipitate is thus formed which is only deposited on the 
bacteria. The preparation is then washed with absolute 
alcohol until every trace of the colouring matter has been 
removed. 

Staining of Bacteria Spores. — Bacteria spores are 
stained by boiling the fixed specimen for a long time in 
carbol fuchsine (in some cases for an hour, during whidi 
the evaporated liquid is constantly renewed); it is then 
washed in alcohol. 

Aujeszky has recently communicated a simpler method 
for staining spores. A little of the culture containing the 
spores is spread on a cover glass, and while the smear is 
drying in the air, a half per cent, hydrochloric acid solution 
is warmed over a Bunsen flame in a porcelain dish until 
bubbles begin to appear. When this point is reached the 
Bunsen is removed, and the cover glass, now dried, but not 
fixed, is laid for three to four minutes in the liquid. The 
preparation is afterwards washed with water, dried, fixed 
and treated with Ziehl's carbol fuchsine, then held in forceps 
over the Bunsen flame and heated until it fumes. As soon 
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as the staining solution begins to fume, the preparation is 
drawn out of the flame for some seconds, this heating being 
twice repeated. The preparation is then allowed to cool 
one to two minutes more, after which decolorising with 4 
to 5 per cent, sulphuric acid follows. The latter process 
should not be carried too far in case the spores again 
become colourless. 

Finally, we shall describe the method given by Alex. 
Klein, who found that spores easily become stained without 
any previous treatment if the dye is allowed to act on them 
in the moist state. The process is the following : Prepara- 
tion of an emulsion of the spore-containing material in 0'7 
per cent, salt solution (in a watch glass) and addition of an 
equal quantity of filtered carbol fuchsine solution, then 
gentle heating, steam being given otf at the surface for six 
minutes, dust being kept otf by covering with a second 
watch glass. The preparations are then spread out and 
allowed to dry in air and fixed by passing twice through 
the flame. Decolorising is etfected by 1 per cent, sulphuric 
acid acting for one to two seconds, and lastly the preparation 
is washed with water. 

Staining of Flageila according to Loffler. — Stainini; 
assumes a special significance when the (question is one 
of detecting the motile organs, the flageila, of bacteria. 
There are several ways of doing this, one of the most used 
being that described by LoflSer. After the preparation has 
been carefully fixed it is treated with a mordant, which 
consists of 2 parts of a 20 per cent, solution of tannin, some 
drops of an aqueous saturated solution of ferrous sulphate 
and 1 part of logwood extract (1 to 8). 

Some drops of this mixture are placed on the cover glass 
and warmed directly over the flame until steam begins to 
form. Afterwards the cover glass is washed with water 
and stained with carbol fuchsine or with LotHer's solution. 
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of which several drops are filtered warm on to the 
^lawi This stainiD^ solution consists of 100 cc. of 
aniline water, 1 c.c of a 1 per cent solution of 8oda 
4 to 5 prauis of gentian violet, fuchsine or methylene l)h^ 
Washing' with water takes place after staining. 

Reagents.— The reagents used most frequently in o«r 
inicn>scopical investigations are the following : — 

AlMoIutc alcohol. 

Concentrated spirit. 

Kther. 

C.'hlort>fon«. 

Dilute soda solution (1 to 3 per cent.). 

Dilute sulphuric acid (5 to 10 per cent.). 

Dilute nitric acid (5 to 10 per cent.). 

r*en)smic acid (01 to 10 per cent, aqueous solution, kept inabw^ 
or hlack bottle in a dark place, e.g., in a tightly-closing cajrdboard boot). 

lodiuo-i)otassium iodide solution (2 parts of potassium iodide, 900 
parts of water, 1 part of iodine). 

Tincture of iodine (a saturated solution of iodine in strong alcohol). 

Iodine-zinc <'hloride solution. 

Hautscirs solution ^8 parts of 90 per cent, alcohol, 2 parts of water, 1 
part of glycerine). 

Carhol fuciisine (1 part of fuchsine, 5 parts of crystallised carbolic 
acid, 10 i>art8 of alcohol, 100 parts of distilled water). 

Tincture of alcanna (alcoholic extract of the alcanna root). 

Development in Moist Chambers. — If it is desired to 
study under the microHCope the development of a micro- 
orfranism, the moist chambera described on pages 68 to 70 
are used. Bottcher's elianiber (Fig. 42) is best suited for 
the cultivation of an organism which recjuires plenty of air 
m order to grow well. The micro-organism to be examined 
18 seeded either in a hanging drop of culture solution or in 
a thin layer of nutrient gelatine on the under side of a suit- 
able cover glass. One or two drops of water are placed on 
e bottom of the chamber and the cover glass stuck to the 

flsL'^d ^- ''^^^^'''''- ^^^^ ^^''^^ ^^"^ ^^ ^ still better 

mLture ^ f '^ *^^^^^^"» ^^^ ^^^^ i« painted with a melted 

ure of wax and vaseline. In examining organisms 
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requiring a large quantity of air the cover glass may be 
laid on so as to leave a small opening, or the chambers are 
provided with special air tubea The chamber should then 
be plaoed under a moist bell jar. Hollowed glass slips can 
be used in the- same way. 

Ranvier chambers (Fig. 41) may be used with the same 
facility for liquid, as the Bottcher chamber for solid, media. 
In using a Ranvier chamber the quantity of nutrient solu- 
tion must not be so great as to run into the groove when the 
cover glass is fixed down ; a drop of water is placed in the 
^^roove when necessary. In this case also the cover glass 
can be adjusted so as to leave the groove in communica- 
tion with the outer air, and the chamber is then, like the 
former, placed in a moist glass enclosure. 

2. — Experiments with Various Flasks. Lwculation of Liquid 

and Solid Ctdture Media. 

The Manipulation of Nutrient Liquids requires consider- 
able practice. We will give in the following a description of 
the various devices so far as this is practicable. Let us sup- 
pose that it is required to transfer a liquid, with or without a 
growth in it, from one Pasteur flask to another, without in- 
fecting the liquid ; we should proceed in the following manner. 
The table on which we are working is lirst moistened with 
the mixture of spirit and water previously describeil, the 
gas burner and tubing being also washed. This m a precau- 
tion which is to be observed in all such experiments. Coat 
sleeves should fit tightly to the wrist and for this purpose 
rubber bands are used, or, still better, a linen overcoat with 
tightly fitting arms is worn. Above all it is desirable that 
no dust should be introduced. The gas flame (the tubing 
should be connected to the left) is placed directly in front, 
and between it and the operator the tinned copper vessel 
already mentioned which is sterilised in the gas flame. The 
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tUftk from which the aolation is to be poured is ] 
ihr Ivh. the other on the ri^i, and both flasks as netr 
;ra> rt^m*- as possible. The copper vessel is placed 
th*- two. Th*f arrangement may be seen frcxn the 
jiaiiyiu^ -sketch in Fig. 45. Kj is the flask from whidiwi 
wi^h to pour solution into IL. Both flasks as well as thor 
Tjupi^ortft are then carefully sterilised on the surface bf 
inoari> of thf ;ra8 flame : if thev contain cultures this mvA 
U- «lnnr with »nvat care, so that the organisms are not killed 
\tv tilt' heat. The bent tube is now heated to redness, 
U'Tiiiiiri;: at the })ulb in the middle of the tube and then 




B 



Fig. 4.').— ArrHiiKemout ol two Pasteur Flasks (viewed from above). S, the p* 
tub** ; (J, the burner ; Kj aii.l ICj, the flasks ; B, the copper dish ; T, the edge 
of the work table. 

going downwards to the end. The asbestos plug is then 
taken out. If it is wished to transfer an average sample 
the flask is shaken up, the lower bend of the tube being 
held in the flame during the shaking up, so that the air 
passing in may be sterilised. Care must be taken that the 
point of the tube is kept out of the flame, otherwise gas 
would be sucked into the flask with danger of an explosion. 
The gas flame is put in its place again and the glass plug of 
flask K.^ loosened, without being taken out (if this is done 
it must be in the flame), so that it remains only with its 
end fitting loosely in the rubber tube. The Bunsen burner 
18 now regulated so as to give a luminous flame because the 
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latter is not so hot as the non-luminous ; the flask, K^ Ls 
then taken in the left hand, the body of the flask being 
held; and the rubber of the side tube is loosened with the 
right hand. The rubber is then quickly taken off in the 
fbune and laid in the copper dish, the opening of the side 
tube remaining in the flame, while the tubing of the flask, 
E«, is squeezed with the right hand so that its glass plug 
falls into the copper dish. For the moment the situation 
is as follows : The left hand holds K^ so that the opening 
of its side tube is in the flame and the right hand is occu- 
pied in pinching the rubber tube of K^ ; the side tube of K, 
is now fitted into the rubber of K.^ in the flame. This 
should all be done so quickly that neither the tube nor the 
rubber is over-heated. 

The two flasks are now in communication with eacli 
other and we leave them in this position without transfeiTing 
any of the liquid so that the heated tube of K^ may cool 
down. This takes place in quite a short time, whereupon 
the burner, the flame of which is again made non-luminous, 
is held in the left hand and the bent side tu})e of K, made 
red hot, after which Kj is tilted so that the solution can 
run from it into Kg, the bent tube of Kj being heated as 
long as the solution is being poured so that the air passing 
in may be sterilised. When the required quantity of liijuid 
has been passed over, the Bunsen burner is put back in its 
place. The glass plug of K., is now taken up with the 
right hand and sterilised in the flame, which is then made 
luminous ; the glass plug being held between the first and 
second fingers of the right hand, the rubber of K.^ is held 
between the thumb and first finger of the same hand, and 
the side tube of Kj disconnected, being placed quickly in 
the flame ; the glass stopper is immediately insei'ted in the 
rubber of K.^ and the rubber of Kj carrying its glass stopper is 
at once lifted out of the copper dish with the right hand 



96 FERMENTATION ORGANISMS 

and placed on the side tnbe of K, the opening of wbidii 
still in the flame. 

ThiH procedure may perhaps seem somewhat com] 
lifter reading through the above description, but if it bft] 
U'i*n trie<l in practice it will be found to offer no BpecU 
difficulty but only requires practice. The very first am- 
c'lHi^H can be performed with flasks which contain ordinuy 
\vat<*r ; then flasks may be used containing sterile wort, 
allowing them to stand between experiments in order to 
see if infection has been avoided. After some practiM 
flasks sliould be used which contain sterilised yeast wat^ 
or meat extract in order to see if these remain sterile with 
constant use ; this is much more difficult, as most bacteria 
develop readily in these li(|uid8, which does not happen in 
wort. If it is seen that these flasks remain sterile aftor 
tliey have Irhmi worked with for several days, it may be 
then assumed tliat the necessary experience has been 
ac<juired. 

A similar method to the above is adopted in using 
Hansen fljisks which slvh also provided with side tubes. 
But the air entering does not require to be heated after 
passing thix)ugh tlie cotton wool in the cap, since the latter 
acts as a filter. 

Sterilised pifKjttes have to be used in experimenting 
with Freudenreich, Chamberland and Elrlenmeyer flasks. 
These flasks also are of coui'se always sterilised before- 
hand with the flame. This has to be done also when a 
part of the contents of a Pasteur flask is to be passed into 
one of the above-named flasks. If only small (pantities of 
liquid are Ixiing used, sterilised glass rods or metal wii'es 
may replace the pipettea These experiments should be 
performed in the sterile cupboard or in the sterile room, and 
it is necessary to work very quickly. Exercises ought also 
to be performed with the pipettes as with the Pasteur flasks. 
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and the operator ought not to consider himself efficient 
imtil he can keep flasks containing yeast water or meat 
extracts sterile after repeated manipulations. 

Experiments with Solid Culture Media.— If a portion 
of a growth is to be inoculated from a solid culture medium 
into a flask containing nutrient solution or on to new 
solid medium, then metal wires, such as platinum, or 
glass rods are used. Before use they are sterilised in the 
flame and placed in a flamed tin box, which is covered 
with a glass plate likewise flamed. They are left in the 
box until quite cool. This is very important, as one might 
otherwise easily kill the growth to be introduced. Immedi- 
ately before use they are once again drawn quickly 
through the flame. When glass rods are to be used it will be 
better in many cases to take one drawn out into a long thin 
point, especially when small specks of gi'owth (e.g.y from a 
moist chamber) or a fine mycelium, which clings easily to 
inoculation needles when these are used, has to be introduced, 
as the point of the rod can be broken off and left in the 
infected culture liquid. The infection is thus performed 
more surely and more quickly than when a metal wire has 
to be rubbed against the sides of the Hask in order to leave 
particles of growth in the liquid. Sometimes small pieces 
of platinum wire are used for the same purpose, being 
manipulated by a pan- of forceps. 

Infection of a solid culture medium takes place either 
on or below its surface. A surface culture is laid on most 
easily as a streak made with a metal wire or glass rod ; if 
the culture to be introduced is contained in a liquid, a 
pipette may be used, by means of which we then sow a 
drop on the surface of the solid culture medium ; or we may 
use a metal loop. On the other hand, if the culture is to 
be sown in the substratum, this may be performed by aid 

of a metal wire (an inoculation needle), which with the 

7 
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HfiluTont ^ix>wth is thrust into the medium; a so-called 
"st^ib" culture is thus obtained. Development of the 
or^iinisiii then takes place on and below the surface. 
Cultures in the l>ody of the substratum may also be obtained 
by mixing the ^^wth with liquefied nutrient gelatine. 

IMatt* cultures, which are employed in the production of 
pure cultures, are described on page 103. 

Cultures of Anaerobic Organisms. — If it is wished 
to st^rt a cultun' of an anaerobic oiganism on a solid 
nie<liuni, this can )>e done by covering the medium with a 
plate of mica (Koch), which is pressed on, the medium 
havinir a i)erfectly level surface. A glass plate can be used 
in place of the mica, or melted gelatine is poured on to the 
infected mivlium (Kesse). Of other methods that of E 
Buchner may be mentioned. According to the latter the 
organism under examination is placed in a small test tube 
with nutrient gelatine, and this put into a second lai^ 
test tube in which there is an alkaline solution of pyrogallic 
acid (1 vol. of an almost saturated solution of pyrogallic 
acid mixed with 10 vols, of potash solution [1 -|- 1]); the 
outer test tube is kept well closed with a tight plug. The 
alkaline solution of pyrogallic acid absorbs all the oxygen 
so that the culture in the inner open test-tube grows in an 
oxygen- free atmosphere. 

The process may also be carried out by displacing the 
atmospheric air by an inditferent gas, c.g,y by hydrogea 
The method described by Friinkel consists in the use of 
ordinary wide test tubes fitted with double-bored bungs 
through which two glass tubes pass, one reaching almost to 
the bottom, the other ending just below the bung. This 
culture tube after being filled with the gelatine is sterilised, 
inoculated, and then has a current of hydrogen passed 
through it. After all the air has been driven out, the glass 
tubes are closed by fusing. 
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Suppression of Bacteria in Yeast Growths. — If it 
is required to encourage the development of a bacteria- 
infected culture of an alcoholic yeast, the method usually 
adopted is to cultivate the impure growth in an acid 
nutrient medium. Nearly all bacteria are killed in this 
way, or are to a great extent hindered in their development, 
so that the alcoholic yeasts in the mixture preponderate. 
But it is not always possible to use such an acid medium, 
as the organism to be cultivated may also be influenced 
adversely. In such a case the cultures can be exposed to 
the action of light, as bacteria can withstand the action of 
light only to a small degree. This was proved several 
years ago by Downes and Blunt. Experiments in this 
direction have also been made at the Carlsberg laboratory, 
and have shown that spore cultures of saccharomycetes on 
gypsum blocks can be kept free from bacteria if exposed to 
light. 

3. — Preparation of Pure Cultures, 

The methods for preparing pure cultures described in 
the following pages are only those of practical importance 
and application. 

Pure Cultures for Investigations in Morphology 
AND Development. — The preparation of pure cultures for 
investigating morphology and development was begun very 
early, the development of the single cell being observed under 
the microscope. This was perhaps fii-st done by Ehrenberg 
(1821) ; later, Mitscherlich studied the budding of the yeast 
cell in the same manner. The process of microscopical 
examination as a means of studying morphology and 
development was largely employed in investigating fungi 
belonging to the most widely separated divisions of the 
system. The technique was brought to a high degree of 

perfection, especially by Brefeld (1875). 

7* 
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Brefeld*t Glass Slip Cultures. — ^The essential poiiit in 

thiH iiiutlicxl is the direct microscopical observation of all 

sta^^es of development Brefeld takes a fruit carrier with 

s|x>rt*H, ur a small mass of spores, from the mould in question, 

e,if., a Mucor, with the aid of a fine needle and distributes 

them in a <li*()p of sterile water ; he continues diluting until 

only one or two spores are present in any drop, and one of 

these (li*o|»s is then placed on a glass slip. He then adds 

nutrient solution, the position of the mould spore is marked, 

and. to prevent evaporation, the glass slip culture is kept 

under ;i moist iK'lI-jar when not under observation. If the 

iuvi'sti^ation is prolonged, the culture medium is replaced 

hy <^elatine to prevent evaporation. These Brefeld gla« 

slip cultures nrr <|uite open, which is of some importance in 

the investigation of the higher fungi as they have then 

suHicient nnim for growing ; the culture, however, is in this 

way expose*! to infection from the air. In order to mitigate 

this dan<;er, a paper sliieW is placed on the microscope. But 

even wlieii forci;^ii oorms, f>.//., a Pcnicillium spore, tind their 

way into the culture, it is of little importance ; no error can 

1x3 made, as thr, eulture is un<ler microscopical observation 

the whole time. This techni<[ue is excellent in its own sphere. 

Brefeld in his investigations on BacUlus subtilis used 

moist chamlK»rs, viz., those of v. Recklinghausen. The 

latter are only suitable for morphological work and have 

not found a place in this book, all the more so as they have 

iHien recently replaced by a better design. (See the moist 

chambers mentioned on page 08.) 

Pi 'HE Mass CuLTuuEs._If the pure culture, on the con- 
trary, is to lead to an absolutely pure mass culture, other 
considerations arise than when the former is designed only 
for morphological and developmental purposes. In the 
latter case it is of no importance if a for.i^ni organism is 
present along with those being cultivated for the whole 
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investigation is carried oat on the stage of the microscope 
under continued observation. It is quite otherwise when 
the physiological experiment is carried on with flasks con- 
taining mass cultures ; another technique is here necessary. 

These pure culture methods are divided into two groups, 
one comprising those based on the principle of dilution, 
whilst in the second the physiological behaviour of the 
species forms the basis. It is only by use of the dilution 
method, and that in its most developed form, that an 
undoubted pure culture is obtained. Such a culture is 
prepared by sowing out a single cell in a sterile culture 
medium and by further cultivation in such a way that no 
foreign organisms are able to force their way in. 

I. The DUiUion Methods. — Dilution methods may b« a^ain 
divided into two groups, according as the dilution takes 
place in nutrient liquids or solids. In tlie dilution of 
nutrient liquids the method is to count the number of 
germs in a certain unit of volume, and then to (lilut(3 with 
a calculated quantity of the li(iuid until there is one cell 
per unit of volume. This method was used by Lister (1878, 
pure cultures of a lactic acid bacterium), Niigeli, Fitz and 
Hansen (1882). The method was brought to its gi-eatest 
perfection by Hansen. 

Hansen's Dilution Method.— The dilution method as 
used by Hansen's predecessors was (juite uncertain. It 
was never really known whether those flasks in which a 
growth was developing contained a pure culture or not. 
I.e., whether the seeding consisted of one or several cells. 
The counting method in use was not exact ; but even with 
exact counting the see<ling might consist, in certain flasks, 
of more than one cell. Therefore, Hansen added to the 
method two elements, by means of which it gained in 
certainty, viz.: (1) an indication to decide whether the 
infected flask has received one cell or several ; and (2) an 
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aiii t4> tlif exact counting of the oella Hansen applied the 
fi»l lowing method: The yeast (Hansen's method can onlj 
In* used for the heavier cells, and thus not for hacterift) 
was Hiixeil with »terile water, in which the cells were <1»- 
trilMitiHi hy continued and i-iolent shaking. A dropww 
takt'ii out, and the number of cells in a drop determined 
)»y intNins of the M(|uare<l cover glass (Fig. 4) described <» 
yiv^i" IM). Tln' s(|uares of the cover glass rendered it pos- 
sil>l(' to |MTforni an exact counting. The mixture was 
th«'i*<>aft(T diluted to such an extent (by calculation) that 
thon* was. at the most, one cell in every two drope. A 
dro]) of the mixture w*as then sown in each of a series of 
tiasks cDiitainiii^ wort, after which the flasks were shaken 
up vi;:orously for some time in order to separate the cells, 
in (rasr it shouM ha[)pen that more than one had been in- 
tro<lu<v«l : they wen* next set away and left undisturbed, 
so tliat the cells eould sink to the bottom. Those tiasks 
in whieli only a single yeast spot (colony) formed had 
thus ivceived only one wll, and contained an absolutely 
pure culture. This, which lat<jr formed the starting point 
for Koch's plate cultures in nutrient gelatine, constituted, 
in conjunction with the dii'ect counting of the cells present 
in the dro})s, the exactness of the method. By means of 
this method Hansen prepared the fii-st pure cultures of his 
Saccharomyces species. 

In order to control the exactness of his method he 
instituted special experiments in which he mixed two 
species of yoast which couM easily and with certainty be 
distinguished fixjm one another under the microscope ; the 
mixture consisted of Saccharomyccs cererisye or Saccharofnyce^ 
Pastorianits with Saccharomyces apiculatus. The results <le- 
monstrated the exactness of the method : where only one 
yeast spot had formed there was but a single species in 
the flask. 
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The direct sowing out of a single cell can, of course, be 
done also with the aid of the squared cover glass. Since 
the easier gelatine method described below has been placed 
at our disposal, the above dilution method is only used in 
isolated caaes. This happens, e.g., when it is intended to 
prepare a pure culture from very much emaciated cells, or 
when the number of living cells is to be determined in 
a growth of which most of the individuals have died. 
Emaciated cells, as mentioned above, do not develop at all 
in wort gelatine, but do so in wort. 

Dilution in and on Solid Substrata. — When a solid 
medium is used for dilution a plate culture is prepared; 
Schroter was the first to introduce them (1872). He 
observed, on slices of potato exposed to air, a gradual 
formation of spots of different shape and colour, produced 
by the bacteria in the air. On investigation of these 
spots he found that each, as a rule, contained only one 
species. 

R Koch used (1881) gelatine mixed with a nutrient 
solution for the preparation of pure cultures. He dis- 
tributed the germs in the solidified gelatine by inoculation 
by streaks. The number of germs introduced into the 
gelatine becomes less and less for every additional streak, 
so that the colonies in the last streaks are isolated ones. 
But it does not follow from this that they contain pure 
cultures. 

Koch's Plate Culture. — Koch in the year 1883 re- 
placed his streak method by his plate cultures and obtained 
by means of the latter a more complete separation of the 
cella This method consists in distributing the germs in 
liquefied gelatine, the mixture being poured out on a 
horizontal glass plate, which is set under a moist bell jar 
and protected from outside germs. The cells are fixed by 
the solidification of the gelatine, and colonies develop, which, 
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in the course of a few dajns, become visible to the naked eye. 
Tlie number of cells ]fi the gelatine should not be too large; 
there must be sufficient room for the development of the 
colonies. Instead of pouring out the gelatine on a glass 
plate, Petri dishes (see Fig. 37, p. 64) are now commcmly 
used for this purpose. As, however, the dish does not affonl 
complete security against infection, special precautions must 
be used to ensure safety. The procedure is as follows : A 
little of the growth to be separated, usually a mixture of 
various organisms, is placed in sterile water, for example in 
a Freudenreich flask or better in an ordinary globular flask 
(see Fig. 30, p. 03), in which the cells in the water can be 
distributed by shaking ; it is here necessary to sepai^ate and 
distribute the cells in the water as well as possible. Some 
nutrient gelatine contained in a similar flask is melted on a 
watt*r bath heated to about 35° C. When the culture is 
H(lueHe(l and the water mixture sufficiently shaken up, a 
small (juantity of the latter is placed in the liquefied 
gelatint', and this mixture now well shaken up, care being 
taken, however, that no air bubbles are formed in the 
gelatine. I'he llask containing the gelatine is provided 
with a plug of wadding : the mouth of this flask is put 
(juiekly into the flame and simultaneously the cotton wool 
plug removtMl by forceps and again replaced. After cooUng, 
the plug is again taken out and the liquefied gelatine mix- 
ture poured (juickly into a Petri dish which must be quickly 
closed with its cover. The dish is then allowed to remain 
midisturbed, until the gelatine is quite firm ; then the cul- 
ture is brought up to the desired temperature. It is not 
advisable to place the dish with the liquid gelatine on ice in 
order to cool it more (quickly, as the air then passes in too 
<|uickly, and outside germs easily find their way in. The 
simultaneous preparation of several plate cultures with 
varving additions of the growth of organisms is to be 
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'Vieommended. Beginners usually get far too many cells 
each plate. It is of assistance in the investigation of the 
mixture if a counting is done under the microscope. 
^bm preparation of plate cultures should always be carried 
<mk in the sterile chamber. 

This pure culture method is specially adapted, as men- 
tioned before, for the separation of the various elements 
of mixed cultures. It has, however, its disadvantages as 
well. There is, for instance, no security that the developed 
colonies arise from single cells. 

Hansen tested the Koch method in the same way as his 
own pure culture method, following the same procedure, 
and using the same yeast mixtures as were mentioned on 
page 102, and prepared some plate cultui'es by its means. 
The result was that 1*5 per cent, of the colonies were formed 
of both species, while the remaining colonies were pure 
cultures, either of the one or the other. Holm found tliat 
the source of error is usually larger ; he carried out a 
thorough research, the result of which was, as regards tlie 
yeast cells, that, on an average, 100 colonies wore foi*med 
from 108 cells. He found, further, tliat tlie cells are more 
difficult to separate from one anotlier at the beginning of 
the fermentation than at the end. Therefore the (*rror is 
smaller if the plate culture is made with cells in the latter 
stage. But, on the other hand, a large number (25o per cent.) 
of cells do not then develop on account of their weakened 
condition. This number is reduced to 4'5 pei* cent, if the 
cells are taken at the beginning of the fermentation. Wort 
gelatine as compared witli wort is, on the whole, less 
favourable to development. If it is wished to separate 
an impure brewery yeast, so as to isolate tlie culture yeast, 
it should be noted that the wil<l yeast preponderates at the 
<*nd of the fermentation. 

Miquel earned out similar investigations with respect to 
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bacteria ; he found that 100 colonies were formed from 134 
cells, thus giving a still more unfavourable result. 

Surface Plate Cultures. — A modification of the plate 
culture is the so-called surface plate culture (W. Kruse). 
The process consists in pouring the melted gelatine (before 
infection) into a Petri dish and allowing it to become quite 
firm. After complete setting, a suitable quantity of the 
water mixture containing the organisms is placed on the 
gelatine and spread out carefully over the surface by means 
of a sterile platinum brush (see page 71). The result is- 
that all the developed colonies can be easily taken out. 

Hansen's Second Pure Culture Method. — In the 
same year, 1883, that Koch introduced his plate culture 
described above, Hansen worked out his second pure cul- 
ture method for yeast cells. In doing so, he took advantage 
of the technically important step made by Koch, viz., the 
use of culture gelatine, but he added a new element to the 
process in controlling the development of one cell into a 
colony under the microscope. Only by this means is it 
made absolutely certain that the single cell forms the 
starting point. On the other hand this method cannot be 
used for most types of bacteria, as they are too small to- 
be observed singly in the gelatine. 

The method is as follows : A suitable mixture is made 
from the yeast growth by means of sterile water, so that 
the number of cells after mixing a drop of the mixture into 
liquefied wort gelatine^ is not too great (see below). This, 
however, requires practice. Some information may be 
obtiiined, as mentioned above, from the microscopical ex- 
amination of a drop of the water mixture ; the approximate 
number of cells in the drop is counted by aid of a squared 

* At ordiuary temperatures a 4 per ceut. culture gelatine csLn be used. 
The colonies then develop in the course of seventy-two hours in such a. 
way that they can be removed. 
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cover glass ;, it can then be calculated about how many 
drops of the water mixture are to be added to the gelatine, 
in order to have a convenient number of cells in one drop 
of the gelatine mixture. This number is 20 to 30 cells 
if a Bottcher chamber with a ring of 30 mm. diameter is 
used. But after some time it will be possible to prepare 
the proper mixture without counting or calculation. 

When a suitable mixture of yeast and sterile water has 
been thus prepared, several Bottcher chambers are sterilised 
in the dame and placed under a sterile bell jar or sterile 
beaker to protect them from dust ; all these experiments 
are carried out in the sterile cupboard. A very small drop 
of sterile water is then placed on the bottom of each 
chamber and some vaseline melted in a small saucer over a 
flame. The edge of the ring of the Bottcher chamber is 
painted with the melted vaseline, the latter substance being 
used because, after solidifying, a completely homogeneous 
mass without air bubbles is obtained. The requisite cover 
glasses are then flamed and likewise placed under sterile 
bell jars or small beakers. Finally a flask with wort 
gelatine is placed on a water bath at 30 to 35° C. to liquefy 
the gelatine. 

A little of the yeast water mixtiu*e is mixed with the 
proper quantity of liquefied wort gelatine in a globular 
flask, and after being shaken vigorously, the formation of 
air bubbles being avoided, a drop is taken out with a thin 
glass rod or a fine pipette and spread out in a thin layer on 
the cover glass. The latter is left under the sterile bell 
jar for some minutes until the gelatine has set. It is then 
placed with the gelatine layer downwards on one of the 
Bottcher chambers and pressed firmly ix)und the edge so 
that the vaseline closes it completely. The edge is painted 
with a melted mixture of 2 parts of vaseline and I part 
of wax to prevent the cover glass slipping. The Bottcher 
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cliHinlKTH are often aet up, aa mentioned previously, in 
Huch a way that the cover glaaa ia fixed to the loose ring 
with tish ^lue. and the ring is then fastened to the glasB 
sli|i liy intraiiH of vaseline or with a mixture of wax and 

vaHi'liiH*. 

Wi' |tnKViMl now to investigate tlie chambers with not 
t(H) ;;n>at a mngnifioation. Some practice is required in 
tiiiilin;^^ tlir aAU : and it must not be forgotten to investigate 
tlir ;:t:latiiR> layer through its whole thickness, so that any 
orlls i|rc]»ly t'lnlMMldcil may not escape notica When a wdl- 
isdlatnl (M'll is found, its position is marked; this is done 
rithfi' hy nivalis <»f the object marker of Klunne and MuUer, 
by the list' <»i" s({uared cover glasses, or by using a stage with 
a scah' or tix<Ml mark (seu pages 28, 30 and 33). 

When wi* have by some means marked as many cells w 
is drsin'il. and have convinced ourselves that there are no 
other cells in their immediate neighbourhood, the chambers 
are put away at tht: temporatui'e of the room or at 25" G. 
If prreantions an» not Uikt^n, water dix>pH are usually formed 
on the und«'r sidf of the cov(m- glass, especially at the edge 
of tlu? gelatine and, what is woi'se, on the gelatine itself. 
To jirevtMit the formation of these water drops, the chambers 
are plaeed un<ler a moist Udl jar w^hich has previously been 
brought to a temi.)erature a little higher than that in which 
the chambei^H an.' to be kept. It is advisable to examine the 
chaml)ci-s after twenty-four houi's in or<ler to confirm the 
isolated [wsitionw of the marked cells. 

When the colonics have become large enough, they are 
eautiously tran«fen-ed to the nutrient liquid (cf. page 97) 
either by means of a piece of platinum wire held b}^ a pair 
of forcejxs or by a very thin glass rod, the point of which 
can l)e easily l)roken oti' in the liquid to be infected. 

In order to Ixj able to use the object marker of Kliinne 
an<l ]\Iullei-, already mentioned, the objective is unscrewed 
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ind the point of the object marker coated with a dye 
Kdatioii. Since the chambers are often placed under a 
moist bell jar as described, a colour must be chosen which 
DftD withstand moist air and does not spread. Holm found 
that a suitable colour may be prepared from 0*25 part of 
Eaehfline dissolved in 20 parts of aniline and mixed with 
2*0 parts of a xylol solution of Canada balsam. A drop of 
this oolour is spread in a thin layer on a small glass plate 
such as a glass slip. The point of the object marker is now 
pressed against the medium, so that the edge of the opening 
is distinctly coloured Care must be taken that the colour 
film does not spread over the opening; if this happens 
it can be easily removed by blowing thi'ough the other end 
of the apparatus. The object marker is now screwed on to 
the tube of the microscope, and so adjusted that the point 
almost touches the cover glass of the moist chamber. The 
tube is then screwed downwards very cautiously for a small 
distance by means of the micrometer screw so that the 
point of the object marker touches the cover glass, with 
which it is allowed to remain in contact for alx)iit ten 
seconds, after which it is raised again. A red ring is thus 
stamped on the cover glass, inside of which is the isolated 
cell under observation. It is not advisable to fit the object 
marker on to a revolving nose-piece, for it often happens that 
the field of view of the objective and the opening of the 
object marker do not exactly coincide, and the cell therefore 
lies outside the coloured ring. 

Sometimes it is a little difficult to mark distinctly on the 
cover glass. This is caused partly by the point of the object 
marker not l^eing quite plane and partly by the coloured 
liquid not having the right consistency. Under such cir- 
cumstances it is found that the best way is to allow the first 
layer of coloiu* placed on the point of the object marker to 
dry on and then to apply a new layer. The first dry layer 
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thru ActM A8 an elaHtic ciuthion. The use of this appantm 
nM(iiirt-s practi(?e antl, as niay be inferre<l, a light hand to 
rtv«»iil hn*akiii^ tlie cover j^lasH. 

Si|uaro<l cover glasses, with or without numbers Id tbe 
s<(u:ir<*s. may be ased, as already mentioned, instead of the 
ot»jtH*t marker. In the first case the squares can be made 
lar;:«M* than in the latter. The chamber is set up as described 
a)H)Vi'. the isolati'd cells being marked in the following 
manner : If then' are numbers in the squares (see Fig. 6, 
jKi^^r :)0 . the Si|uan^ with its number and the position of 
the (mII with respect to this number is drawn on a piece of 
pa]M'r. A fixed point is thas obtained and it will be easy to 
tiinl tht' cell attain. If there are no numbers in the squares 
{V'v^. ."). jMi«jfe ;J()). t'ach square can be designated by means 
of two iiunil)ei*s. the one being the number of the horizontal 
row, tht' other the number of the vertical column which 
contains thf Hi(iiaro. For example 3, 4 means tliat square 
whieh lies in t)ie third horizontal row and in the fourth 
vertical column. In this ease there must, of course, be only 
one ct»ll in each s(|uare. 

Lindner's Droplet Culture. — The methods described 
above can. of cours^^ be varied in several ways : one of 
these, for instance, is Lindner's droplet culture (1893). He 
iUlutvMl a wort culture until only one cell was found in every 
streak or dot which he made with a drawing pen on a cover 
glass. The cover glass was then turned over and fixed with 
vaseline on a hollow glass slip or on a Bottcher chamber 
and the preparation examined niicnwcopically. Those drop- 
lets showin^r only one cell were marked with ink dots on the 
upper side of the cover glass. After a few days the gi-owths 
have developed and those droplets which contain the growths 
originating in one cell are sucked up by means of a small 
piece of sterile filter paper ; the latter is then place^l on wort 
gelatine in a flask, and a drop of wort is added in order to 
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4weelerate development. Instead of taking up the drop on 
Siter paper, a little gelatine may be added ; the whole i.s 
then taken up on a platinum wire or similar instrument 
mi introduced into the wort. Lindner accordingly begins 
with a liquid, then uses gelatine, and only after a growth 
has formed on the gelatine are the mass cultures prepared 
in flasks containing nutrient liquid. 

Schonfeld's Method, — Of the dilution methods that of 
Schonfeld remains to be described. According to him a 
dilation is prepared by means of liquefied culture gelatine, 
md small spots are placed on a cover glass from this gelatine 
mixture by means of a drawing pen. Each spot ought, as 
far as possible, only to contain one cell. When this method 
is further considered it will be seen that the spots ought 
only to be so large that the whole of each may be in the 
field of view when using a medium magnification, and it 
will be found necessary to add a little more gelatine so that 
the small gelatine spots may not dry up and in order that a 
growth may take place at all. The method is, as may be 
seen from the foregoing, a combination of those (;f Hansen 
and Lindner. 

IL Physiological Methods. — It often happens that the 
3rganism which is to be cultivated in a pure state is pre- 
sent in comparatively small numbers, and the above- 
mentioned dilution methods cannot then be applied. We 
oaust then resort to a physiological method. These methods, 
iowever, are by no means exact, and otier no certainty of 
Dbtaining a perfectly pure culture. 

Fractionated Culture after Klebs and Others. — A 
oaethod in general use among the older physiologists and 
i)acteriologists was a combination of an imperfect dilution 
method with a physiological method. Klebs's method, the 
jo-called fractionated culture, is an example of this, as it 
X)nsists in inoculating new sterile culture liquid with the 
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l)n*vi<niN culture as soon as that has developed. In thi» 
way Klo))H expected to obtain finally a pure culture of the 
spocit's pn'H«*nt in greatest numbers at the beginning. The 
prr|K)n<lerance of one species is therefore a condition for 
\]\o use of the method; but that species which was in the 
majority to In^^n with may not survive best, so that it is 
i{iiostionaV>le in the case where a pure culture is obtained 
wht'ther it cunHist8 of the species looked for. The pure 
oulturt' obtained will, at any rate, belong to that species 
which iuereasrs moHt strongly under the prevailing con- 
ilitions: hut this will not in every case be the species of 
which it is desired to obtain a pure culture. 

Pasteur's Method. — Pasteur (1876) also employs this 
j)hysiolo;;ieal jirinciple. He gives some indications as to 
the possil)ilities of tjhtaining a pure culture, by making use 
of the various phx-siolo^rieal properties of micro-organisms* 
but chiefly of th<» ^^reator or less capacity of increasing in 
different cultuj*' nu'dia. or, if the cultiu^> liquid is an un- 
favourable one, of the (greater or less resisting power. A 
stnit^^lt^ between the.spt^oies is thus brought about, in which 
possibly the weaker is killed, hut this is not certain; tlioee 
s|H^cie8, too, whieh are e(iually strong will be able to live 
peaceably togi^ther. an<l on this account also it is uncertain 
whoth<^r a pure culture is ol)t-inned. This holds in general 
for the adrlition of chemical sulwtances to the culture 
medium, in order to favoiu- the development of one organ- 
ism at the expense of the other. Pasteur's use of tartaric 
acid in the [ireparation of pure yeast nmy be instanced; 
it aflords a distinct proof of the imceHainty to which such 
a method may lead. Since the properties of that species 
of which it is desired to make a pure culture are in most 
cases unknown, the method is also less attractive for the 
reason that it simply assumes that the properties of the 
specie-s are known. The above hohls also for the employment 
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of certain temperatures for the same purpose. The physio- 
logical method is only important in so far that it is a pre- 
paratory one ; single cell culture must be employed for the 
preparation of a genuine pure culture. 

Pure Cultures of Bacteria. — In the foregoing we 
have had chiefly in view the pure culture of yeast cells ; 
with regard to bacteria, the physiological method may be 
employed in general for a preparatory cultivation, otherwise 
Koch's plate culture is the most suitable means, since 
bacteria are too small to be recognised with certainty in an 
isolated state in gelatine or liquids. The plate culture is 
repeated several times, the starting point each time being 
from a colony in the previous plate culture. The probability 
of obtaining a pure culture increases with the number of 
plate cultures. Sometimes the appearance of a colony 
affords a means of determining whether a pure culture has 
been reached, as this is often characteristic of the single 
species ; microscopical examination of the cells also assists, 
of course, in the elucidation. 

Pure Cultures of Mould Fungi. — In order to prepare 
a pure culture of mould fungi, a single sporangium (e,g., 
of Miwor) or the conidia of a single conidiophore (e.g., 
of PenicUlium) is touched with a sterile needle. The 
adhering sporangium spores or conidia are then inoculated 
into a nutrient medium such as wort or wort gelatine, or 
an additional step may be taken, the spores being dis- 
tributed in water and a plate culture in wort gelatine 
prepared. In the foregoing, reference has been made to 
Brefeld's investigations on the development of mould fimgi. 
In his treatises are to be found very valuable directions on 
this point. 



8 
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4 

4. — Methods of Preservatum, 

Hansen's Saccharose Method for the Preservation 
of Yeasts and Moulds. — It is of great importance in 
physiological fermentation laboratories to be able to keep 
pure cultures of the various micro-organisms in such a 
way that it is not necessary to make frequent additions of 
new culture medium in order to keep them living. Hansen 
has elaborated a method of preserving yeast fungi and many 
mould fungi, viz., by storing in a 10 per cent, cane sugar 
solution. As regards yeasts the process is as follows : A 
strong young growth of the species of yeast to be preserved is 
cultivated for twenty- four hours in wort at 25** C. The top 
liquid is all poured oHT from the settled yeast and a small 
quantity of the latter placed in a 10 per cent, aqueous solution 
of saccharose, which is set away in a flask at not too high a 
temperature. Ordinary room temperature is the highest 
working temjjerature, and if the flask used is a Freuden- 
reich or a Hansen flask, it must be kept in a dry place so 
that moulds may not grow through the tube of the cap. 
The evaporation of liquid in a Pasteur flask is quite in- 
significant ; some cultures in saccharose have been kept in 
Pasteur tlasks in the Carlsberg laboratory for more than 
twenty years, as previously mentioned, without showing any 
noteworthy evaporation of li(|uid. The evaporation from 
the other flasks is also tolerably small, if the cotton wool 
in the cap tube is not kept too loose, the tube being of the 
proper length and tlie cap fitting well. • Flasks of the latter 
kind can also be kept for several years without a renewal 
of liquid being necessary, if they are well filled at the 
beginning. (Cf. pp. 61, 62.) 

So far as the saccharomyceti^s an» concerned the vitality 
appears to be almost unlimited if the preserving takes place 
in the above manner. Numerous cultures of these have been 
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kept alive for more than twenty years. Death has seldom 
taken place, and then only in a few species. This method 
has thus given excellent results. It has been recommended 
that the pure cultures should be allowed to stand in the 
fermented wort, that is in beer, and preserved in this way. 
But it has been shown that there is then no certainty that 
the growths will be kept alive, the duration of life when 
such a method of preservation is used being subject to 
great variations. The same species — this holds for all 
saccharomycetes — Olives in some cases in beer only for a 
few months, in other cases for several years. Beer is 
therefore of little utility as a preserving medium, since the 
cultures must be renewed every two or three months ; it is, 
of course, almost impossible to do this in an ordinary 
laboratory. 

It has been advanced against the saccharose preservation 
method that the saccharomycetes increase in it and form 
yeast rings and films, of .which the cells vary in morphological 
and physiological characteristics from the original seeding, 
and give a progeny which inherit these new properties. 
On investigating the numerous old saccharose cultures of 
the Carlsberg laboratory, the author arrived at the result 
that yeast ring and film formation only take place in 
saccharose solutions when the seeding, and therefore also 
the increase, has been too great. According to Hansen's 
researches the increase from a scanty .seeding in a saccharose 
solution is limited, but if a larger amount of yeast is seeded, 
a vigorous increase, as mentioned, takes place, accompanied 
by the formation of films and yeast rings ; even when the 
yeast is washed beforehand tliis can occur, the stronger 
cells living at the expense of the weaker. Under these 
circumstances it is possible that numerous generations are 
cultivated under abnormal conditions and that thereby a 

variation may ensue. The author obtained proof that the 

8* 
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above views are correct by instituting a comparative series 
of experiments with culture yeast (a German bottom yeast 
and Sacch. cerevisue I.) and wild yeast (Sacch, Pastortanm 
L). In no single case was the smallest trace of a yeast ring 
or film observed, when the seeding amounted to a trace 
only, the liquid just becoming turbid; but the contrarj^ 
took place in nearly all cases where 5 to 7 drops of bottom 
yeast, either washed or with adherent culture medium, were 
placed in Freudenreich flasks. Experiments with two of 
the Hansen non-sporulating varieties of Sacch, cerevuiie 
I. and Sacch. Pastorianus I., which had been seeded in the 
same way, demonstrated that these forms which had lost 
the power of film formation simultaneously with the power 
of spore formation, naturally formed neither films nor yeast 
rings even when the seeding was considerable. But when 
the surface of the saccharose solution with the scanty 
seeding of the original forms as well as of its varieties 
was examine<l macroscopically, single cells were seen floating 
about. Now do those cells belong to the surface film ? No, 
for, first, the macroscopic film and the yeast ring are wanting, 
and, secondly, these single surface cells are found in the non- 
sporulating varieties named, which form absolutely no film, 
as well as in the original forms. Thus there is no question 
here of a film formation, but only of differences in the specific 
gravity of the single cells ; some of the cells are too light 
to sink to the bottom of the denser saccharose solution. 
There is therefore no danger of a yeast ring or film forming 
in the saccharose cultui'es, if the seeding has been performed 
in the manner described above. 

A large proportion of the moulds are capable of pre- 
servation in a 10 per cent, saccharose solution. This holds, 
g.r/., for MucoTy Aspergillus and Penwllliinn, besides for other 
fungi, such as Monilia^ Oidiuvi, Torida, Mycodermay Dematiuniy 
Cladosporium, etc. The life of these fungi also may, ac- 
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cording to Hansen's researches, be prolonged for many 
years. 

Preservation on Cotton Wool or Filter Paper (after 
Hansen). — When saccharomycetes are to be preserved for 
a shorter time, cotton wool or filter paper can, according 
to Hansen, be used, especially when a pure culture has 
to be sent away. A small quantity of freshly cultivated 
yeast sediment is placed on a little sterile hygroscopic 
cotton wool in a Freudenreich or Hansen flask. When 
filter paper is used, a small piece is folded once, then 
wrapped up in four or five thicknesses of filter paper, and 
the whole sterilised. After this a few di-ops of the thick 
yeast liquid are cautiously poured on the inner sides of the 
folded paper and one of the coverings wrapped round it ; 
when the latter has absorbed the moisture it is removed 
and replaced by a second covering, and finally placed in the 
remaining coverings. This process must of course be per- 
formed carefully so as to prevent infection taking place. A 
pure culture may be transmitted in this way in an ordinary 
envelope ; the duration of life is limited, however, to a few 
months. A pure culture may l>e preserved safely by the 
above-described preparation on cotton wool, and the cells 
also live longer than in the filter paper covers. Also most 
kinds of moulds may be kept alive for several years by 
these dry preservation methods. 

Preservation of Bacteria. — For preserving pui-e cul- 
tures of bacteria there is no method which corresponds to 
the Hansen saccharose method. In bacteriological labora- 
tories pure cultures are preserved on or in the particular 
nutrient medium in such a way that they are always renewed 
after a certain time, a very troublesome procass. Bacteria 
in the spore condition can, however, be preserved in the dry 
condition in many cases. According to Hansen's investiga- 
tions acetic acid bacteria remain alive in beer for several years. 
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Preservation of Ordinary Brewery Yeast. — In connec- 
tion with the preservation of pure cultures, a few words 
may also l)e Haid about the preservation of ordinary 
hn*wi*ry yeast. Experiments were made and methods 
tli'scrilxMl more than 100 years ago concerning these more 
or li'ss iinpun* mixtures. Thus, the yeast was mixed with 
ashes antl tht* moisture removed from the mixture by means 
of A cloth, or the yeast was mixed with sugar or with pul- 
vtMiscd wo<mI or animal charcoal and the mixture then dried 
Ht'«T in a cold cellar was also employed as a preserving: 
iiitHliiiin. 

( ). R<»inko described a method some years ago. The 
wt'll-waslu'd and (juickly pressed yeast is very rapidly 
<»iio]ostMl ill two sheets of sterile filter paper. The yeast 
is tin '11 pn'sst'd Hat, rolled up again in a sheet of ordinary 
whitt* blotting pii])er, sprinkled with traces of sterilised 
l)oric acid, and then pressed between sterilised asbestos 
plates to n»niov(» the water. The latter are subjected in a 
herm<»tically cl(xsiiig in(»tal box to a strongly cooled air 
current, stcrilis<Ml and dried by concentrated sulphuric acid. 
After thorou»(h drying the packets are arranged in a metal 
receptacK^ in snch a way that each is surrounded with a 
layer of cold sterilised bm*nt gypsum. Finally the metal 
boxes are soldered up. 

Will has also made expiiriments of this kind He 
washed and pressed the yeast and mixed it with one of 
the following substances : kieselguhr, asbestos, gypsum, 
scraps of filter paper, wood charcoal and wood shavings: 
the two latter gave the best result, especially the wood 
shavings. Tlie drying was done as quickly as possible on 
an oven at a temperature between 25^ and 48^ being begun 
at the lower temperature and continued at the higher. 
When the yeast was dry it was filled into tin boxes which 
were hermetically soldered and stored at a temperature of 
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2" to7° C. Some of the specimens preserved in this way 
contained living cells after the course of eleven years, this 
happening both with culture yeasts and wild yeaste. Heron 
has also described a method quite recently. 

In all these methods for preserving common brewery 
yeast the latter is washed and pressed. Different experi- 
menters perform the drying in somewhat different ways. 
Whichever it may be, the entrance of bacteria and other 
foreign oi^anisms during these manipulations cannot be 
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avoided Even when one begins with a pure yeast from 
the pure culture apparatus, a yeast is obtained in the end 
which is always more or less contaminated. 

Transmission of Yeast. — In wending small naniplea of 
yeast the methods described on page 117 using cotton wool 
and filter paper are taken advantage of. If a larger quan- 
tity of pure yeast culture i,s to be sent, which will be used 
in the liquid condition in the pure culture apparatus, Hansen 
recommends the employment of a flask the appearance of 
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which may be seen from Fig. 46. The flask is made of 
strong thick glass and has a flat bottom. The yeast is 
passed into the flask through the side tube, after which the 
latter is closed. Fig. 47 gives a section of such a side tube 
when closed ; c is the tube, the mouth of which is provided 
with a small collar, b a tightly closing rubber stopper, a a 
strong rubber cap tightly stretched over the stopper, being 
fastened at d by copper wire. The binding may be seen 
at a (Fig. 46). The rubber stopper must fit exactly and 

be easy to take out after the 
cap is removed. To add to 
the security the bent tube is 
divided into two parts, which 
are connected by a rubber 
tube ; the latter is fastened to 
the glass tubes by wire ; b is 
a pinchcock which can com- 
pletely close up the tube, c is 
filled with cotton wool and 
used as an air filter when the 
yeast is poured off through the 
side tube. Both the rubber 

Fl<,778.-Jorge,i^n's Metal Fla«k for ^^^ S^^^ ^^^iug should be 

tJje transmission of pure yeast sterilised SCparatclv. 

cultures. '^ * 

A glass flask naturally has 
advautat^es over a metal flask as the contents are visible, 
which is of importance both in working with it and also 
in the transmission of yeast through the Customs, as is 
now so frei^uently done ; but it is exposed to the risk of 
breakage during transmission if the packing is faulty. 
For this reason metal flasks have been frequently used 
of late as substitutes. Such for instance is the flask of 
Alfr. Jtirgensen represented in Fig. 48. The principle is 
exactly the same as that of the Hansen flask. 
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The above-mentioned transmission flasks are constructed 
chiefly with regard to brewery requirements. Only small 
glasses or bottles are necessary for wine fermentation, as it 
is then generally a question of sending small quantities of 
yeast. 

5. — Preparation of Spore Cultures. 

Spore Cultures of Saccharomyces. — Even at the 
present day the statement sometimes occufs that a spore 
formation will be produced merely by sowing a little yeast 
on a moist gypsum block, a potato, or slice of carrot. In 
80 far as the conditions of spore formation are treated, quite 
incorrect statements are even now not infrequently made, 
e.g., that the yeast should be well washed beforehand, that 
the whole process depends upon a starving condition, etc. 
The old error of the formation of spores at a low tempera- 
ture is now less frequently met with. Under the circum- 
stances just mentioned it will, however, depend on chance, 
as regards most species of Saccharomyces , whether they foi-m 
spores or not. 

The assential part of the method does not consist in the use 
of any particular substratum, such as gj^psum blocks, potato 
or carrot slices. The substratum on which the cultiva- 
tion proceeds is in the main unimportant. A shallow layer 
of water in a culture flask, gelatine, etc., may be used with 
equal advantage, as will be shown later. The chief point 
lies simply in the use of a moist surface. But it is essential 
to the method that we should know the best conditions for 
favouring the function in (question. These conditions were 
ascertained by Hansen and the essentials published in 
1883, additions being made in later communications. (A 
more detailed explanation of the physiology of this function 
is given in the next section.) According to these investiga- 
tions a copious formation of spores takes place, if (1) the 
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growth consists of strong young celk ; (2) a high tempera- 
ture is employed (for most species about 25** C.) ; and (3> 
the supply of moist air is plentiful. 

The technique of the Hansen method of spore formation 
is as follows : A flask containing wort is infected with a 
small (juantity of the yeast species in question, shaken up 
and placed in a thermostat at 25"* C.^ In general a quantity 
of yeast sediment forms in twenty-foiu* hours sufficient 
to perform the seeding out on the gypsum block. The 
supernatant fermenting wort is poured ofl", and a small 
(quantity of yeast taken out by means of a pipette and 
spread in a thin layer on a dry, sterilised gypsum block 
in a glass dish (see Fig. 38, p. 65). It is important to 
make the yeast layer thin ; with thick layers the oxygen 
of the air has no access to the lower cells. As soon as 
the layer of yeast is spread on the gypsum block, sterile 
water is poured into the dish until the gypsum block is- 
iminei'sed to about two-thirds of its height. 

The addition of water is made by means of the water 
holder described on page 67 (Fig. 40). During this manipu- 
lation the cover of the glass dish must not be raised any 
higher than is necessary and the whole operation must be 
done as (quickly as possible, because gypsum block cultures 
are very easily infected from outside. However, if the 
operation is skilfully done the infection is inconsiderable. 
As soon as the gypsum block is soaked with water, which is 
recognised by the glistening of the yeast layer, the culture 
is set away at the desired temperature. 

The use of gypsum blocks was proposed by Elngel. 
Similar substrata were recommended later by others, e.g.^ 

^ The culture instead of standing for twenty-four hours at 25° C. may 
be left for forty-eight hours at the room temporature. If the growth is old 
it is advisable to freshen it once or twice at the ordinary temperature before- 
it is used. In determining spore curves this has always to be done. 
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earthenware cubes by Elion and " chamotte " blocks by 
Wichmann. According to experiments made by the author 
the latter are very inferior to the gypsum blocks, the for- 
mation of spores beginning later and the number of spore- 
bearing cells being fewer than when gypsum is employed. 
The porcelain cubes mentioned were found to be almost as 
good as the gypsum blocks. 

If it is desired to obtain a bacterium-free spore culture 
of a Saccharomyces according to Hansen, a tliin layer of 
water may be worked with in a Freudenreich or Hansen 
flask or in a moist chamber, e.g., Ranvier's chamber, with 
access of air ; or a seeding out on gelatine without addition 
of nutrient substances may be also used. Good results have 
been obtained from shallow water layers in flasks and moist 
chambers. 

In many cases somewhat more copious formation of 
spores may be obtained on the gypsum blocks than in thia 
water layers ; if it is desired at the same time to protect the 
gypsum block culture from infection, it may be placed^ 
according to Schionning, in a Hansen flask (see Fig. 39, 
page 66). Sterile water is then added from another Han- 
sen flask, the two side tubes of the flasks being connected. 
The yeast, on the other hand, is put on the gypsum block 
by means of a pipette through the neck of the flask. 

It has been shown on page 99 that the influence of light 
may also be employed in the preparation of bacterium-free 
spore cultures of saccharomycetes. 

The spores of saccharomycetes may sometimes be con- 
fused with other formations, especially with fat or oil drops, 
which are frequently found inside yeast cells. (It the 
preparation is treated with perosmic acid it may be easily 
ascertained if the bodies in question are of a fatty nature, as 
they then become brown or black. Fatty particles dissolve 
also in alcohol and ether, and are again precipitated on the 



124 FERMENTATION ORGANISMS 

addition of water.) The practised microsoopist will, how- 
ever, soon learn to distinguish spores from other objedR. 
There is no decisive colour reaction for spores ; they are 
usually stained b}'^ means of Ziehl's carbol f uchsine (see page 
88) and retain their colour after the preparation has been 
decolorised with dilute acid. Experiments made by the 
author have shown further that spores are sometimes not 
stained by this process, and that on the other hand particles 
other than spores may be stained. Thus the method is 
uncertain. The mode of formation, the anatomical structure 
and <(erniination furnish reliable characteristics for distin- 
^aishin<i; whether a particle is a spore or not. 

Spore Cultures of Bacteria. — There is no perfected 
method for inducing spore formation in bacteria similar to 
that wliicli Hansen has described for saccharomycetes. In 
nearly all species of bacteria, spore formation occurs with- 
out usin<( any special method of cultivation, being brought 
about merely by allowing the cultures to remain after the 
substratum has become poor in nutriment or has become 
unsuited tor thi^ growth from any other reason (as, e.g., by 
the accumulation of fermentation products). 

Spore Cultures of Moulds. — Zygospore formation is 
a phenomenon frecjuently observed in the MiworineiB (see 
section III.). The conditions of this are still unknown, and 
there is therefore as yet no definite method of producing it 
Bainier states that Mucor racenvosiis forms zygospores on 
gypsum l^locks which are placed in dextrose solution. The 
author has tested this statement, but has obtained no 
positive result. 

In the Mucor inece and Aspenjillece sporangia and conidia 
respectively are always formed when the mycelium grows on 
the surface of the culture medium, and when the latter is in 
other respects in a tit condition to act as a food. A mycelium 
inmiei"se(l in li(|uid forms neither sporangia nor conidia. 
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In Aspergillus, ascospores are only known in those species 
which are classed under Aspergillus glav/ius and A. repens 
(see Section IIL). Although the particular conditions of 
ascospore culture are not known for these species, yet it is 
easy to produce them, as such spores always form when the 
culture is allowed to stand. 

In Penicillium glaucum, which likewise comprises several 
species, a formation of sclerotia precedes the formation of 
ascospores (see Section III.). These sclerotia were obtained 
by Bref eld by infecting coarse bread, free from sourness, with 
conidia, and placing this between two glass plates which were 
pressed tightly together. Sclerotia developed in the course 
of three weeka They were then washed and spread on moist 
filter paper, after which asci developed in their interior. In 
this species also the exact conditions are unknown. 

6. — Preparation of Film Cultures of Saccharomyces. 

Since film formation in the saccharomycetes plays a 
considerable rdle in the characterisation of the species, it will 
be necessary in many cases to prepare film cultures. The 
conditions for a vigorous film formation are, according to 
Hansen, the seeding out of a strong young growth on a 
favourable culture medium to which air has free access, and 
the placing of the culture in complete quiet at a moderate 
temperature. Film cultures are best formed by seeding 
out the Saccharomyces in au Erlenmeyer or Pasteur flask 
half filled with wort, this being set away in an undisturbed 
position at the room temperature. Hansen, Will and others 
have determined the cardinal points for some species. 
When the optimum temperature is known this is of course 
employed. 
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7. — Count iwj of Yeast Cells and Seeding with a Definite 

Number of Cells. 

It is Hometimes necessary to determine the multiplying 
{X)wer of a yeast species under certain conditions, or it may 
1x3 intended to seed a certain quantity of yeast cells in 
a culture liquid. For this purpose it is necessary to count 
tilt* cells, and in doing so the following procedure is adopted, 
the details of which have been gradually evolved in the 
Carlsberg laboratory. 

Foi* cell counting in a li(|uid it is required to obtain 
an e-\actly average sample. If this is not obtained, then, 
of course, the counting is of no value. The average sample 
is obtained by vigoix)usly and repeatedly shaking up the 
llask with the culture, and taking fi*om it, by means of 
a ^^nuluated pipette, a small measured sample, which is then 
put into a test tub(». This operation is repeated. The 
withdrawal by means of the pipette must be done quickly, 
so that tlu' cells do not begin to settle before the sample 
is li'nioviMl. If the culture is in a flask provided with a 
si<h? tul)(^ the specimen can, of course, be poured out into 
a ^^lass from which small samples can then be easily taken 
by a pipt'tte. As soon as the sample is withdrawn, and 
it is ihisirotl to rt*tain unchanged for some time the number 
ol cells pn^sent at the moment, the culture must be set 
away on ice. or at a very low temperature ; otherwise 
an increase in the number of cells may take place during 
the countin*^, which re(|uires an appreciable amount of time. 
In order to obtain a reliable result, two samples are with- 
drawn, the one to check the other, and, for the same reason, 
several dr()])s are examined from each specimen. Each 
sample is treated as described in what follows. 

In manv cases the cells to be counted are in wort. But 
since cells present in w^ort are hardly separated at all by 
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mere shaking, and whereas this liquid is very inclined 
to form froth when shaken, and an increase of the cells 
in the sample withdrawn must be prevented during the 
•counting, the samples are, according to Hansen, treated with 
"dilute sulphuric acid (1 part concentrated sulphuric acid 
And 10 parts water). This furnishes, in addition, a liquid 
in which cells do not sink to the bottom too quickly, an 
important point when single drops are taken out for count- 
ing purposes. Supposing, for instance, that a test tube 
<K)ntains 3 ac. of a sample of wort with yeast cells, it 
will be necessary in most cases to treat this with exactly 
1 c.c. of dilute sulphuric acid. The dilution should not be 
proceeded with further than is absolutely necessary, since 
the observed number of cells must^ of course, be multi- 
plied by the dilution coefficient, and experimental errors 
Are consequently increased. Besides, the presence of too 
few cells (or of too many) increases the difficulty of 
counting. 

In counting, the counting chamber described on page 32 
is employed (see Figs. 7 and 8). After the test tube with 
the average sample and the sulphuric acid has been sub- 
jected to a prolonged and vigorous shaking (this being 
done most easily by placing the thumb over the mouth of 
the test tube), a sample is taken out by means of a fine 
pipette as quickly as possible (before the yeast cells sink 
to the bottom) and a drop of the contents rapidly placed in 
the central part of the counting chamber. It cannot be too 
often repeated that it is absolutely essential to work with 
rapidity ; otherwise it may happen that the cells in the 
pipette sink to the bottom and the drops then contain too 
many cells. The cover glass is put in place immediately the 
drop has been deposited in the counting chamber. The drop 
ought to be so large as to touch the cover glass, but not so 
large as to be pressed out by the cover glass over the edge 
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into the surrounding space ; if this happens the chamber 
should be carefully cleaned, dried and provided with a fresh 
drop. Ah soon as the cover glass has been put in position, 
the chamber is laid under the microscope, and if a hsemati- 
meter is being used as counting chamber, the " net " eye- 
piece is required. It is not advisable to use a greater 
magnification than is necessary. After waiting a short time, 
the counting is proceeded with when all the cells in the 
preparation have sunk to the bottom. The " net " eye- 
piece consists, as described previously, of a large square 
divided into sixteen or twenty-five smaller squares, the 
latter being used as aids in counting. The cells inside 
the large scjuare are counted ; it does not matter how 
the cells lying on the side lines of the square are counted, 
if the same rule is always followed. The same also 
applies to the counting of (apparently) dead cells and 
of buds which are still in connection with the mother 
cell. Many squares in each preparation may be counted 
by displacing the hiematimeter. It is to be recommende<i 
always to count a certain number of squares, e.g., ten — two 
in the middle and eight along the edge of the drop. As 
soon as these ten countings are performed, the hsematimeter 
is well cleaned and dried, the second test-tube well shaken 
and then a drop taken from it and counted in the same 
manner. This alternation is repeated until a constant average 
is obtained. 

In th(» following example, which is from a counting 
ma<l(^ by the author, the exactness of the method is 
apparent. When it is not necessary to determine the 
number of cells in a given volume, the same unit of volume 
is always employed, viz., that of a column of liquid of which 
the base is the large s([uare of the "net" eye-piece for the 
particular magnification employed, the height being the 
thickness of the perforated cover glass. 
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The mixture, 3 ac. of wort with yeast cells and 1 cc. of 
sulphuric acid, gave the following results : — 



Square. 


Sample 1. 


Hample 2. 


Ist Drop. 


2nd Drop. 
10 


Srd Drop. 


4th Drop. 
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27 
19-2 


14 


20 

21-7 


16 
20-2 


Average 


200 


Cells in each large square. 



As these four averages are nearly the same it is not 

necessary to count more drops. The mean of the four aver- 

81*1 
ages is-^ = 20-276 cells per unit of volume. But since 

the wort was diluted with sulphuric acid (4 parts of the 
mixture contain 3 parts of wort with cells), the actual 
number of cells in the volume in question is 



20-275 X 4 
3 



=■ 27 cells. 



If the counting has not been done with precision, or if 
the material does not allow of an exactly average sample 
being withdrawn, the result will not be so good 

If, as most frequently happens, the question is only 

one of determining the relative number of cells in several 

cultures, as in the foregoing example, or in the same culture 

after the lapse of varying periods of time (the multiplying 

power of the cells), then of course the same haematimeter 

or the same counting chamber, the same microscope, length 

9 
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of tube, magnification, and "net" eye-piece must be used 
each time in order to make a proper comparison. 

When the number of cells is very large, dilution with 
the sulphuric acid must be carried further, often to four or 
five times the original amount of wort. 

If the actual number of cells in a certain volume is to 
bi^ calculated, the size of the space unit must be determined 
It is then necessary to know the height of the column of 
liquid, i.e., the thickness of the perforated cover glass. The 
luematinieter designed by Hayem and Nachet has one with 
a thickness of 0*2 mm., but that in the Zeiss hsematimeter 
is usually O'l mm. The value of the square in the "net" 
eye-piece for the magnification used must further be known, 
or s(|uared cover glasses are used of which the size of the 
s(iuar(\s is known. In Thoma's chamber the column of 
li(|uid is 01 mm. high and the large square etched on 
the bottom of the chamber contains 1 sq. mm. The 
volume of the liquid prism, of which the base is the large 
square, is thus 0*1 cubic mm. 

When it is intended to sow a definite number of cells, 
water is usually added to the yeast to be used as sowing 
material, the cells being thus more easily separated from 
<jue another on shaking; also no appreciable increase of 
the cells takes place, especially if the flask is subjected 
to a low temperature after the sample has been with- 
<lrawu. The yeast is therefore shaken up vigorously and 
continuously with sterile water, and an average sample 
removed in the manner described above. There are three 
ditierent cases to l)e now considered, viz., (1) when we only 
wish to know how many cells are present in a certain 
p )rtion of the water-yeast mixture ; (2) when it is intended 
to inoculate a previously determined number of cells into 
the liijuid to be dealt with ; and (3) when it is desired to sow 
so many cells, that after the seeding the definite number of 
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cells desired may^ present in an arbitrary space unit, e,g,, 
when making comparisons of the multiplying powers of two 
species. In the first two cases it is required to determine 
the actual number of cells which are to be seeded, and no 
attention is paid to the quantity of liquid inoculated ; in 
the last case it is only required to know the relative 
number of cells, but regard must be had to the quantity of 
liquid seeded. Finally the following must be remembered : 
If there is to be a definite volume in the flask after seeding, 
then, in the case where the seeding is not to be made in 
water or where the concentration of the liquid is of some 
account, no water must be used in shaking up the yeast. 
In this case the same culture liquid must be employed. 
The same quantity of culture liquid is then removed 
from the flask before seeding as will be added when seeding 
takes place. 

The procedure in the above three cases is as follows : — 

1. After shaking, a drop of the water is placed in the 
haematimeter or in the Thoma chamber, and the number of 
cells is determined in the usual manner. On seeding a 
measured portion of the water mixture we thus know how 
many cells have been sown. 

2. As above. After the counting it is determined by 
calculation how much of the mixture must be taken out in 
order that a definite number of cells may be sown. 

3. As above. In counting we learn, for example, that 
a cells are present in a certain volume. It is here necessary 
to know the quantity of culture liquid in the flask to be 
inoculated ; assume this amount to be p c.c. If it is desired 
to seed so many cells that there will be a, cells per unit of 
volume, the number of cubic centimetres x of the water- 
yeast mixture, which must be added in order to arrive at 

this, is found from the following equation : — = -^ , or 

fl^l X 

9* 
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the number of cells in the water mixture (the seeding 
liquid) has the same proportion to the number of cells after 
seeding as the whole amount of liquid after seeding has to 
the amount of the seeding liquid The quantity of liquid 
in the flask after seeding has taken place is thus p -^ x. 

From the given equation x = —^ . Example : It is 

found that the seeding liquid contains 75 cells per unit 
of volume and the flask to be infected contains 70 c.c. 
of wort, and it is further desired to have 5 cells per unit of 

5 X 70 

volume after inoculation, accordingly x = ,-^_ — => = 5 cc 

to be withdrawn from the seeding liquid. The result may 
be checked by another counting after seeding. If the result 
is incorrect either more liquid or more cells must be added. 
But in exact work this contingency does not arise. 

Suppose it is wished to sow a^ cells of a yeast species A 
and />j C(ills of a species B in a flask containing p ac of 
culture liquid, from two seeding liquids containing a and b 
cells per unit of volume respectively, the number of cubic 
centimetres, .r and ?/, to be sown from A and B respectivelv 
is found from the following two equations : — 

'V= P-^^J-J. and-= ^.t^-ty 



a 



X h^ y 



the quantity of li(iuid after infection being i? + a; + y ; from 

this w(^ find 

•^ ■ 7 u and y = ^- . 

ah - a^b - a^b^ ab - a^b - a^b^ 

Combinations of the above three cases may of course 
occur, but from the explanations given here it will not be 
difficult to solve them. It would lead us too far to go into 
more detail. 
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8. — The Biological Analysis of Yeast 

Preliminary Investigation. — The biological analysis of 
a yeast specimen is guided, to a large extent, by its origin 
and the eventual use to which the yeast is to be put. In 
general it is no small labour to determine all the elements 
of a specimen of yeast. This is begun by several prelimi- 
nary experiments in order to obtain a basis for the real 
analysis. With this in view a microscopical examination 
of an average specimen of the yeast is made. The shape 
and size of the cells are observed ; further, whether many 
dead cells are present, as that afiects the use of the yeast in 
practice. It can also be found whether there are any mould 
spores and bacteria present. The detection of the latter 
is simplified by adding dilute soda solution to the prepara- 
tion, by means of which dead particles of organic-chemical 
origin are in general dissolved ; this is the case especially 
with resinous and albuminous bodies. It is often diflBcult 
to determine by microscopical examination whether the 
bacteria found are living or dead, especially if they belong 
to the non-motile species. 

Some information as to the constituents of the yeast 
specimen can also be obtained by putting a little of it in 
wort at 25° C. ; the phenomena of fermentation are then 
observed on one hand (top or bottom fermentation), and 
on the other the time taken to form a film on the surface 
of the liquid. Lastly, a small sample is placed directly on 
a gypsum block at 25'' C, and information is obtained 
in the course of a few days as to the conditions of spore 
formation. 

Separation of the Various Forms in the Sample. — 
The actual separation of the different species in a par- 
ticular sample is effected by means of a plate culture of 
a small average sample in wort gelatine. Yeast and mould 
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fuii^i. but only a few bacteria, are thus brought to derdof^ 
iniMit. If it iH then deHired to recognise the bacteria lb 
proMMit, a gelatine or agar-agar preparation of either ymk 
wator or ]K^ptone meat extract should be used in making tk 
pliito culturoH. Plate cultures on wort gelatine are set twif 
at 25 C. When the colonieH have grown to a suffidoi 
Hizo thoy are examined microscopically and macrosoopieilW. 
Those which exhibit differences are inoculated in wort and 
studied more closely. The yeast sediment formed in the 
proa'ss is examint^l under the microscope ; cultures for the 
eventual film i'omiationM are Het apart ; experimente are 
ma«le in wliicli it is observeil whether the fermentation is 
lK>ttom or top fermentation ; the amount of alcohol formed 
is determiiUMl, etc. A spore analysis is also carried out (see 
below ). 

Tlie compivliension of these analyses, of course, rests 
Hulistantially on the insight which has been acquired into 
the biology of the organisms concerned, and on the use of 
the scientific results bi'ought out by research. The analysis 
ha^ been perfected chiefly for brewery purposes. 

In nearly all cases of analysis of a brewery yeast it will 
be a liuestion of determining to wliat extent (1) wild yeaftts, 
(2) bactena, and (•)) various species of culture yeasts, are 
present in the sample in hand. The problem will seldom 
be that of detennining the species. 

Hansen's Spore Method for the Analysis of Brew- 
ery Bottom Yeast for Wild Yeast. — In testing for wild 
yeast, Hansen's spore metho<l is genei'ally employed. Au 
average sample of the yeast is cultivated in woH at 
25'' C. for al)out twenty-four houi^s : gypsum block cultures 
of the yeast sediment produced in this manner are pre- 
pared in the usual way at 25"^ and 15" C. ; after forty and 
seventy-two hours respectively the blocks are examined ; if 
spores are found, wild yeast is present Holm and Poulseu 
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have shown that by this method ^^ part of wild 
yeast can be discovered in a mixture with culture yeast. 
Later, G. Syr^e proved, with the aid of the same method, 
the presence of the wild yeast species Saccharomyces Pas- 
torianus III. in a mixture with culture yeast in which it 
amounted to only j^)^ part of the latter; the two species 
had been cultivated for four days at 25"" C. In another case 
the original mixture was ^J^ Sacch. Pastorianm III. and ^^ 
Frohberg yeast ; after they had been cultivated together for 
eight days, the presence of Sacch. Pastorianus III. was 
demonstrated in this case also by Hansen's spore method. 

The wild yeast can be most easily obtained by infecting 
a wort flask with the yeast sample and placing this away 
at 25° C. or at room temperature. At the close of the first 
fermentation a specimen of the surface beer is taken out ; 
Hansen's investigations have shown that at this period the 
greatest quantity of wild yeast is found in the position 
mentioned. A new wort flask is then infected with the 
surface beer, and gypsum block cultures are prepared from 
the new culture in the manner already described. 

Application of the Spore Method to Top Yeasts. — 
While Hansen produced his method specially for investi- 
gating brewery bottom yeast, and the experiments described 
above on the sensitiveness of the method were performed 
with such yeasts, Alfred Jorgensen has shown that this 
method also gives good results with brewery top yeast. He 
showed further that it is necessary to perform the analysis 
at 12** C. on account of certain top yeast species. The 
method has also been used later in the other branches of 
the alcoholic fermentation industries. 

The Tartaric Acid Method. — Often, however, the ad- 
mixture of wild yeast is so small that the above method 
fails to find it. The tartaric acid method, also described by 
Hansen, is then applied. An average sample of the yeast is 
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placed in a 10 per cent, aqueous solution of cane sugar to 
which 4 per cent, of tartaric acid has been added, and this 
culture is set away at the room temperature. This cultiva- 
tion is repeated four times after every twenty-four hours, or 
tlie culture is put away at 25° C. and recultivated twice 
at twenty-four hour intervals. A wort flask is inoculated 
from the last culture ; then ordinary gypsum block cultures 
are prepared at 25° and 15° C. with the yeast thus produced, 
and these cultures investigated. In this manner quite small 
traces of wild yeast can be detected In all cases a micro- 
scopical investigation is, of course, also carried out. 

In the examination of cultures on gypsum blocks regard 
is paid to the appearance of the spores, the spores of culture 
yeasts generally containing a less refractive plasma with 
vacuoles, thus having an empty appearance, whilst the wild 
yeasts exhibit a strongly refractive plasma. 

The above mentioned analysis of yeast by means of spore 
cultures on g3'psuni blocks can be simplified if the culture 
yi*ast in hand forms spores with extreme difficulty or not 
at all, as then the simple detection of the spores on the 
gypsum blocks at 25^ C. is sufficient confirmation that the 
sample contains wild yeast or a foreign culture yeast. 

Sporeless forms of the saccharomycetes can be prepared 
by the Hansen method, described in Section III. ; the 
analysis is therefore simplified if a culture yeast of this 
kin«l is employed in practice. Since the asporogenous 
varieties of the saccharomycetes also form no films, this 
provides an additional means of detecting the presence of 
sporogenous, that is to say, foreign species ; a wort culture 
being set aside to determine if film formation takes place. 

Analysis for Bacteria. — In testing yeast for living 
bacteria an average sample is placed in yeast water and 
preserved at 25° to 30° C. When acetic acid bacteria are 
being sought, the beer can be kept at 32° to 33° C. if the 
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yeast sample to be examined is still in beer, or if that is 
not the case, a little of the yeast can be placed in beer and 
then subjected to this temperature. Should living acetic 
acid bacteria be present these are quickly developed by this 
procesa If it is required to determine in a yeast sample 
the bacteria which are capable of developing in wort, then 
of course wort is used instead of the liquids named above. 

Testing the Contents of the Pure Culture Apparatus. 
— The above methods for the biological analysis of yeasts 
are applied in breweries to test the contents both of the 
pure culture apparatus and of the fermenting vessels. 

In the first case a sample of the top beer is taken from 
the pure culture apparatus at the close of the primary 
fermentation by the side tube j (see Figs. 50 and 51). Wild 
yeasts are then detected by means of the tartaric acid 
method, and bacteria in the manner already described. 

Testing the Contents of Fermenting Vessels. — So 
far as the testing of the fermentation vessels is concerned, 
this may be confined chiefly to a microscopical examination 
of the fermenting wort, especially when the yeast produced 
is not to be used as pitching yeast. The appearance of 
the yeast species used will in general be readily recognised 
by daily practice, so that a foreign admixture will be 
detectable by mere microscopical examination. A special 
knowledge gained in this way is therefore of great advan- 
tage; but on the other hand it cannot be too strongly 
emphasised that a microscopical examination alone is not 
a perfectly reliable criterion, and this is especially the case 
when the culture yeast used is similar in appearance to a 
wild yeast (e.g., has more or less elongated cells). Foreign 
culture yeasts whicli may have found entrance in certain 
cases will, as a rule, not be recognisable ; it is then even 
more necessary to apply physiological methoda 

The sample is taken from the surface of the beer in a 
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sterile glass four to live days before the end of the primary 
fermentation. In the microscopical examinatioD, the fonn 
of the cells is observed, and whether living bacteria, especi- 
ally ro<l bacteria and Sarcina, are present. If it is wished 
to test for wild yeast, the sample is set aside till a yeast 
deposit has forme<l ; the latter is placed on gypsum blocks 
and analysed according to the spore methods already de- 
scribed The yeast is placed directly on the gypsum block 
l)ecausc the wild yeast presumably present has just formed 
strong young cells at this juncture. At the same time a 
wort flask is inoculated with a little of the yeast, and the 
yeast generated here is employed next day in a new spore 
test. If wild yeast is found by this test, the yeast cannot 
be used for pitching. Tliis holds also when Sarcina or other 
bacteria are present to an appreciable extent. Bacteria are 
always observed in the wort, but are usually dead. Wild 
yeast is likewise always found in practice in small amounts; 
when it cannot l:)e detected by means of the ordinary spore 
method there is no reason for apprehension. 

The table on page 181) is given as an example of the 
journal of a fermenting cellar. 

Lindner's Drop Culture. — P. Lindner, in examining 
for wild yeast, uses the " drop " culture. This consists in 
taking out a certain amount of teer by means of a pipette 
and distriV^uting the contents of the pipette, drop by drop,^ 
(generally 50 th-ops) on the bottom and the cover of a Petri 
dish. It is thus known what (juantity there is in these 
100 drops. The Petri dish is placed in a thermostat at 
25' C, or left at the* temperature of the room. A develop- 
ment is visible in the drops after the lapse of several days. 
If the number of germs is too large, the liquid is diluted 
with wort to a suitable extent, before the dropping is 
performed. If it is wished to determine the principal 
kinds that are present, the upper dish is used, in the dropa 
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ot'-rile ^Uni* four to five days beforv tlie end of the pnavf 
fenuf iiutioiL In the microsoopicAl examinatioo, the {am 
f>i' th*- o-lU is f ihfiervttl. and whether livinj; haeteria, enpea- 
ally piil Imcteria and Sarcima. are present. If it is widitd 
til t'«t for wild yea!4. the sample is set aaide till a yeiii 
• l»*|j«>Mt ha*« fonneil: the latt«r is placed on ^'paum blo^ 
ill 111 .iiiiilystN] aeourding to the spore methods already d^ 
scn)ii'«L Tlu* yeast is placeil directly on the gypsum hkek 
UiMii^f till* wilil yeast presumably present has juat fonncd 
**tniiii: yiiviii;^ ct.*ns at this juncture. At the same time a 
woit tli^k In iiioculate«l with a little of the veast, and tiM 
yt'iisx ;;i'ii(:rati'il here is employed next day in a new spore 
tt'Nt. l\ will! yeast is found by this test, the yeast cannol 
U* ii<.fl t'or )iit4*)iiii;r. This hoUls also when Sarcina or other 
}»art<-ria art- ])i*fS4*iit to an appreciable extent. Bacteria are 
always i)l»st.*rvi*<i in the wort, but are usually dead. WiU 
yeast i> liki-wisi* always found in practice in small amocmts; 
wht'H it cannot U* tl(*tected by means of the ordinary spore 
ni«*tli<xl th«*ri.* is no r«*ason for apprehension. 

Tlic tal)l«' on pa;;!* VM is ^iven as an example of the 
journal of a t'i'nnt'ntini; cellar. 

Lindner's Drop Culture. — P. Lindner, in examiniiig^ 
for wilil y«*a**t. uses the '* <lrop " culture. This consists in 
takin;; out a certain amount of U'er by means of a pipette 
and distributin;; tin* contents of the pipette, drop by drop, 
(^cihTally 50 dropsy on the }x)ttoni an«l the cover of a Petri 
dish. It is thus known what ({uantity there is in these 
100 droi)s. Tlu; Pftri dish is placed in a thermostat at 
25' C'., or Kift at the toniiH»rature of the room. A develop- 
nn^nt is visible in tin; (h*o}xs after the lapse of several days. 
If the nuinlMT of genns is too lar^e, the li(|uid is diluted 
witli wort to a suitable extent, befoiv the dropping is 
|N>rforni(Ml. If it is wished to 4letermine the principal 
kiu<lH tliat are present, the upper dish is use<l, in the drops. 
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of which the colonies are crowded at the loi^v-est point, or 
Are intimately mixed. All the drops are now touched 
with the finger, which has been cleaned and flamed 
previously, in order to obtain an average sample, whiA 
is then examined microscopically. To distin^ish normal 
bottom yeast from wild yeast, the property is taken 
Advantage of that the former aggregates in flakes, whilst 
the greater part of the wild yeast cells distribute them- 
jselves like dust in the drop. But since, as Lindner men- 
tions, a part of the wild yeast also forms flocks, and the 
growths of cultiu'e yeasts on the other hand can assume 
a dusty appearance, other distinguishing features must be 
sought. 

From Lindner's <lescription of his method for analysing 
yeast in the brewery, it is seen that he draws his con- 
clusions from the microscopical appearance of droplet 
cultures in hollow glass slips ; this may be of use so long 
as it is remembered that cells of one and the same 
species, even when they are cultivated side by side 
in drops of ]i([ui(l, often yield growths, the cells of 
which are so different as to seem to belong to several 
species. Lender these circumstances culture yeasts may also 
dev(^l()p cells with an appearance similar to one of the 
wil«l yeasts and vice versa. Each characteristic is, as is 
known, subject to variation, but this is especially so with 
regard to the form of the cells. This analysis, when 
combined with tlie ordinary microscopic&l one, is of 
advantage to the practised specialist, whose eye for the 
form and general appearance of the yeast cells has been 
specially trained. 

9. — Hansen H Test <\f the StabiUty of Beer in Gash. 

Samples from lager casks are taken by boring holes in the 
■Ciisk. The place is first cleaned with spirit, and a try-cock 
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ly cleaned is placed in the hole. Portions of the 
drawn off from the upper, middle and lower layers, 
being taken from these three different parts of the 
in order to get, as nearly as possible, an average sample, 
weak point in this and similar analyses consists in the 
of the samples, which must give a correct average if 
analysis is to be of any value. The beer analysis 
ibed in the following is given chiefly for the purpose 
testing the stability, a point of great importance to the 
er ; what concerns him is to have some idea how 
riphiB beer will behave after the lapse of a certain time. 
^JEbnsen has published the following description of the test : 
The beer is drawn off in sterile white glass bottles, which 
C: axe then closed with sterile corks and placed away in a 
f dark cupboard at the temperature of the room. As soon 
^ aa the samples are taken, their smell, taste, clarification and 
colour are noted It is also noted how long it takes to form 
an appreciable deposit, and further, how the latter behaves: 
whether it distributes itself easily through the liquid on 
shaking, so that this becomes turbid and opaque, or whether 
it forms flocks which quickly sink to the bottom without 
substantially affecting the transparency. Changes of this 
kind are caused by the presence of micro-organisms. If 
the liquid becomes gradually turbid and decolorised 
without having been shaken, disease bacteria are present. 
However, this takes place but seldom after the pure culture 
system is introduced. On the other hand a yeast sediment 
always forms after a certain time even in the best beer, 
and may arise from culture yeast or from wild yeast, but is 
most frequently due to a mixture of the two. Hansen has 
shown that wild species of yeast can produce diseases at 
this stage. For the rest, when speaking of stability, re- 
ference is made only to the formation of yeast sediment 
and not to bacterial diseases. A yeast species which gives 
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a stable beer' is, in this sense, one which not only increases 
to a small extent in the finished beer, but is able at the 
same time to suppress its rivals during fermentation. The 
latter obtains either because it is in a better condition than 
its competitors to suit itself to the conditions of nutrition 
and especially to take up the oxygen, or because it gives off, 
during its multiplication, products which act as poisons. 

Hansen *s work has shown that samples from the upper 
layera of lager casks produce a yeast sediment more quickly 
than those taken from other parts. It is to be remarke<]- 
here that beer under brewery conditions is strongly aerated 
when drawn off* (when not drawn off* under pressure of 
carbonic acid) ; but this does not happen when these test 
samples are taken, and this materially affects the increase 
of the yeast. Hansen's work showed further that it is 
necessary to keep the samples at the temperature of the 
room and not at 25° to 27° C, since the yeast sediment is 
produced sooner in the former case than in the latter. 
Moi-eover, the varying conditions in practice will be natur- 
ally of great importance in such tests, and therefore do not 
admit of the establislinient of a general rule. It is therefore 
necessary as regards sejmrate breweries to fix upon a stand- 
ard wliich is obtiiined by experiment and analysis, and which 
is not changed so long as the same yeast is used, and so long 
as there are no great clianges introduced during the manu- 
facture of the beer. 

In practice the following procedure is adopted when the 
production of a well-stored lager beer is in view : A sample 
is drawn about two months after the beer is casked. In 
doing this, white sterile bottles with sterile corks are em- 
ployed. They are set away in darkness at the room temper-- 
ature and observed several times in the course of a fortnight 
It is noted how soon a sediment forms; if the sediment 
is considerable, its constituents are investigated. If the 
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.ty does not appear to be satisfactory, a sample may 
en before the beer is drawn off, and this is treated 
same manner. When the drawing off begins, samples 
tak^n from the same casks, but in ordinary bottles, 
sterilised ones. They are treated as by the retailers, 
, for example, shaken up. Otherwise the examination 
Ib «he same as that given above. 

; The table given on page 144 will serve as a specimen of 
lAie data entered in a lager cellar journal. 

« 
I 

f 
>•- « 

*.: 10. — The Biological Aiialysis of Water, Air and Soil. 

In biologically examining water, air and soil, it is of 
^fundamental importance to deal with an average sample; 
"'^ifcherwise the analysis has little value. This is, however, 
very difficult, and in addition to this the organisms in water, 
jdr and soil vary considerably, with respect to number and 
species, with the time of year ; it is therefore necessary to 
perform a large number of analyses at different times in 
order to obtain a knowledge of the actual flora of the micro- 
organisms and their relative proportions. Hansen's in- 
vestigations mentioned in the next section may be cited as 
an example of such a series of analyses, which had as the 
object of investigation the circulation in nature of saccharo- 
mycetes, and especially of Sacch. apiculatusy and, above all, to 
discover what organisms are present in the air at different 
times of the year. 

Principles of the Technical Analysis of Water, 
Air and Soil. — The manner in which a biological analysis 
of water, air and soil should be carried out depends upon 
the object of the analysis. A chief principle is the separa- 
tion of the germs in sterile water and seeding from the 
mixture. If the question is to find all the species of micro- 
organisms present in a sample, the undertaking will be a 
very difficult one, especially as regards bacteria. For 
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isolating the different micro-organiBms, ueveral culture 
media are employed so that all kinds may develop. We 
will not, however, treat of such analyses, as they do not 
usually occiu: in practice. The (questions here arising 
usually tend only in one direction. In the analysis of 
water for brewery purposes, information is generally 
sought for as to the micro-organisms of the water which 
«re detrimental to the working of the brewery ; the non- 
injurious forms are of no importance in practice, and are 
"therefore left out of consideration. The culture medium 
employed in the brewery, i.e,, wort and beer, is used for 
iBuch investigations. This simple principle had to bt». 
Insisted on at one time by Hansen, as it was neglected 
V>y many workers. 

The Hygienic Analysis of Water (after Koch) is 
"performed with meat-extract peptone gelatine as culture 
xnedium ; a certain quantity of the water is distributed in 
the latter and the number of colonies developed from it is 
determined. In analogy with this an air analysis is some- 
times carried out| as well by drawing the air over culture 
gelatine. 

The object of these methods is to develop as many germs 
as possible. They are, therefore, also used to test the effici- 
ency of a filter by subjecting a certain (juantity of water to 
plate culture before and after filtering, and afterwards com- 
paring the number of germs developed in the two cases. 

Water Analysis for Brewery Purposes (after Hansen). 
— A technical biological analysis of water for industrial 
purposes is made by sowing a certain (juantity of the water 
in sterile wort, must, etc. An example of such an analysis 
of water for brewery purposes as carried out by Hansen 
may be described here. The questions to be answered are 
the following : How does the water behave towards wort 

and beer ? How rich is it in such micro-organisms as can 

10 



\W FERMENT ATIOX ORGANISMS 

«l(*v<»lf)p in thene liquids, and are there among them aodi 
.M|><HM«'H as can cauHo dangerous disturbances in practial 

From tht* nnal vhcs given below will be seen the diiferenees 
\v)u(*h n'sultM may exhibit according as the one or the other 
of tht'a)K)v«vnientioned methoils is used. Hansen found bv 
his jiiirtlysos the following numbers : While cultures in beer 
always j^ave ^owths and a simultaneous series of experi- 
iiu'iiis with wort 0, 0, (>*(), 3 and 9 growths per 1 c.t 
of watrr. \\o found when Koch's meat-extract peptone 
;,^rlatiiir was used under the same conditions and with 
saiiiph s of the same water, 100, 222, 1,000, 750 and 1.500 
i^rowths per 1 e.c. of water. Tliis shows that the Koch 
metlKMJ is inapplicahh* to such brewery analyses. 

The })n)eedure is therefore as follows: When, e,g,, the 
tap water in a hrew^^ry is to be analysed one begins by 
carefully oleaiiin<,^ the taps and tubing of the water supply, 
usin;^ all })recautionary measures. The tap is then opened 
and tho water allowed to run for some time, e.g,, one hour, 
before samplers are taken. This ensures the washing out of 
the pipin^i^. The ditliculty here, as in all biological analyses, 
consists in p'ttin^ an avi'rage sample. If the water sample 
is not for transmission, hut is to be analysed on the spot, 
sterile (.'hamberland iiasks can be used for this purpose ; if, 
however, the water sample is to be despatched, sterile bottles 
with glass stoppei-s are employed, the sample being packed 
in ice. 

After the sample of water has been well shaken up, 
ft small quantity is carefully withdrawn by means of a 
sterile pipette. The water is inoculatcil into sterilised wort 
ft'^d sterilised beer. In order to observe with greater ease 
^^ ^development of organisms that may l->e present it is 
^^^ ^ employ a perfectly clear wort without sediment. 
'®^denreich tlanks are the mast suitable ones to use, as 
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the number to be used is large, and larger flasks would 
take up too much room. 

It is obvious that the power of preventing the 
growth of many organisms which wort and beer possess 
in virtue of the constituents derived from hops, and acid, 
etc., fails if too great a quantity of the water to be analysed 
is added. Holm has determined exactly the quantity of 
water which can be added to lager beer wort (about 14 
per cent. Balling) before this happens. According to this 
author 15 ac. of wort can be treated with ^ ac. of water, 
and 15 c.c. of lager beer with J c.c. of water, before the 
resisting power fails. 

In many cases it would be an error to take so much 
water, since it may contain so many germs that the inocu- 
lation would give rise to too many growths. The water 
sample should on this account be diluted with a certain 
quantity of sterile water (or wort) or it may be added in 
smaller quantity to each flask. It is impossible to give 
a definite rule for this. In each case it is advisable to 
make a preliminary test in order to determine approxi- 
mately the number of germs. A reliable result is usually 
obtained when one drop of the water is placed in each 
of 100 flasks with wort; these flasks are then set away 
at 25** C. The infecting of beer flasks can be dispensed 
with since Holm's investigations have shown that in his 
analyses organisms never appeared which were only capable 
of development in beer. Any growth which developed in 
the beer flasks was derived from such species as might 
easily grow in wort. In sowing a drop in each of 100 
Freudenreich flasks containing wort, 5 c.c. of water in all 
are used, and in most cases this gives rise to not more 
than one growth in one flask. 

If flasks inoculated in this way have stood for one week 

at 25** C. and during this time no development has taken 

10* 
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place, then there was, in the water sowed, no germ capable 
of development under the conditions of working. If such 
growths are present in some of the flasks, the contents 
of the latter are investigated macroscopically and micro* 
scopically, the number of growths noted and the quantity 
per 1 c.c. of the water calculated. 

It is of some moment in practical evaluation of the water 
to take note of the time after sowing at which development, 
especially of bacteria, takes place in the wort. For it is 
obvious that when they develop only after four or five 
days they must have been so feeble as to be capable of 
development with great difficulty or not at all imder 
practical conditions. In the laboratory, conditions are far 
more favourable for development than in practice, since the 
rivalry with the yeast (and the low temperature) is wanting. 
The result of a water analysis will therefore always be 
such that rather more germs are found than would have 
reached development under practical conditions in spite of 
the attempt to copy these conditions as far as possible. 

Wichmann lays special stress on the importance, in 
evaluating the water, of noting the time when the "des- 
truction " of the liquid under test takes place. He proceeds 
by adding to each of four flasks charged with 10 c.c. of 
wort, 1 C.C., J c.c, J C.C., and \ cc. respectively of the water 
to be analysed. These four flasks are numbered 1, 2, 3 and 
4. The destructive power of a water is taken as equal to 
100, if all four flasks exhibit development after the lapse 
of a day ; this number is got by multiplying the numbers 
of the flasks by certain factors and adding the four pro- 
ducta If development takes place in the flasks after one 
day this factor is 10, after two days 8, after three days 6^ 
after four days 4, and after five days 2. Thus if all four 
flasks are turbid after twenty-four hours, the destructive 
power is : 10 x 1 + 10 x 2 + 10 x 3 + 10 x 4 - 100. If 
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No. 1 shows development after two daj'^s, No. 2 after 
^ No. 3 after four, and No. 4 after five days, the 
desfcmctive power i8lx8 + 2x6 + 3x4 + 4x2 = 40. 
From this it may be seen that Wichmann adds more water 
to the wort than Hansen and Holm in their analyses found 
to be advisable. 

SchwackhSfer's Standard of Fitness of a Brewery 
Watefa — Schwackhofer has proposed the following scale 
as a standard of the fitness of a water for brewing purposes, 
twenty-five flasks being each infected with one drop of 
water. In those cases in which certain micro-organisms 
develop neither in wort nor in beer, he describes the water 
as specially good. If development takes place in 10 per 
cent of the wort flasks at the most, but not in the beer 
flasks, the water is good ; if development takes place in 50 
per cent of the wort flasks and in none of the beer flasks 
the water is fit for use ; if micro-organisms are present in 
more than 50 per cent, of the wort flasks, and in at most 
19 per cent, of the beer flasks, the water is only to be 
eniployed in cases of necessity, and finally if the percentage 
of flasks of both categories exhibiting growths is higher 
than that above mentioned, the water is unfit for brewery 
purposea It must be remembered here that chemical 
analysis has been entirely left out of account. 

Holm's Results. — In Holm s analyses of water from the 
Carlsberg Breweries, bacteria, moulds and yeast-like cells 
(Torulaf Mycoderma) appear in the wort and beer, but no 
species of Sacchawmyces. The presence of the latter is never- 
theless not precluded, but their appearance in the water is 
at any rate rare. The species of moulds were especially 
numerous, not only in wort but also in beer ; the same remark 
applies also as regards the number of growths. Bacteria were 
found along with these in the wort, whereas they appeared but 
seldom in beer. Yeast-like cells were rarely observed. Among 
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the organiHma obnerved by Holm in water the following miy 
}>e nanie<l : Rhizopus Fiif/ricafts, PenicUlium glaucum, MycodtmA 
rerrrisite, B(urtfriu9n aceti, and Ba4:Ur%um Pasteurianum. In 
A<ldition, J(>rgen8en and Lindner have found Sarcina. The 
latter investigator found it frequently, and supposes that a 
prolont^cd existence of the Sarcifia ^rms in water renders 
them more capable of germinating in hopped wort 

With regard to the importance of the micro-oi^ganism 
content of the watt^r for brewery working, the germs pre- 
stMit in the steeping water will be of little consequence in 
the uianufaetun^ of malt There are, in fact, many germs 
on th*' surface of the barley corns, and the few which are 
iwMr^l with the water are of little account. When the wort 
is lM)ile<l, these organisms are killed; they may, perhap8.be 
of some signiticana* during mashing. The danger is naturallv 
greatest in the fermentation and lager cellars: but other 
factors appear here, viz., low temperature and the large 
tjuantity of healthy yeast with its sup[»'e8sing power, which 
restrain the development of the water germs. 

In carrying out a water analysis we must direct our 
attention to the cistern or tlie well from whicli the supply 
procee<ls. Surface wat<?r, as is well known, contains a 
large numlx'r of germs, and these will increase to a large 
extent if the piping and the cistern are not kept properly 
clean. 

Hansen's Analyses of Air. — It is more difficult to 
obtain an average sample of air than of water. The same 
principles hold here as in water analysis. Hansen in his 
time used flasks with w^ort for investigating the circulation 
of yeasts and the organisms of the air in the various parts 
of a brewery. Large numbers of these flavsks were left 
open at different times of the year at those places where 
be wished to analyse the air. The so-called vacuum flasks 
^ere also employed for the same purpose. The latter are 
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flasks charged with culture liquid which are sealed during 
the boiling of the liquid; after cooling there is an air- 
eachausted space over the culture liquid. If the sealed end 
is now broken off at the place where it is wished to examine 
the air, a certain quantity of air is sucked into the flask. 
The germs contained in this air are brought by shaking 
into contact with the culture liquid in which they then 
develop. 

In his last treatise on this subject Hansen recommends 




Fio. 49. — Miqael's Flask, B, in combination with an aspirator, A. 

the passing of a certain quantity of air through sterile 
water, which retaiuH the germs and can be subsequently 
analysed. An air analysis is, in short, performed in the 
same manner as a water analysis. For this purpose gradu- 
ated pipettes are used or, where possible, Miquel's flask, 
which is represented in the accompanying drawing (Fig. 49) 
in union with an aspirator. The latter, A, is a bottle with 
an outflow tube, a, near the bottom, to which rubber tubing 
with a pinchcock is fitted. The neck of the bottle is closed 
by a bung through which a glass tube passes which is bent 



152 FERMENTATION ORGANISMS 

once and is connected with the Miquel flask, B. The latter 
is shaped somewhat like a Chamberland flask and is provided 
with two side tubes, c and d, but the neck is fitted with a 
glaass tube, by which reaches almost to the bottom. 

During sterilisation, B carries a glass cap with a little 
tube filled with cotton wool (as in the Chamberland and 
Freudenreich flasks) ; the one side tube is likewise closed 
at c by a wool plug. At e a very loose wool plug is fitted 
which can be easily blown into the water in B at the end of 
the experiment. At d there is a rubber tube which is closed 
by means of a glass tube drawn out to a fine point and 
sealed. The flask further contains a measured quantity of 
water in such amount as to immerse the opening of the 
tube, b. In this condition the flask, previously sterilised in 
the dry state, is again sterilised. The whole apparatus is 
then set up at the place where it is desired to examine the 
air, the tube, c, being connected with A by a rubber tube. 

The experiment now consists in sucking the air to be 
examined through the water in B, so that the germs are 
retained by the latter ; this is done by opening the pinch- 
cock, a, so that the water in A runs out. The air must not 
be drawn too ijuickly through the water ; the water in A is 
therefore allowed to pass out at a drop by drop. As the 
experiment proceeds the pinchcock at a may be opened more 
and more as the flow of water gradually lessens. The wool 
plug, r, retains those germs which may be carried off by the 
air without being taken up by the water in B. It is obvious 
that the volume of air sucked through the water in B is the 
same as the volume of water which runs out at a. The 
quantity of water in A must therefore be known. This 
bottle, however, cannot be completely emptied through a 
while in an upright position, and this should be kept in 
mind when the quantity is determined. For this reason it 
is advisable to first pour as much water into A as will fill 
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the inner opening of the tube a, and then to mark 

^level of the liquid in the flask; a volume of water 

to that of the air to be analysed is then added. 

soon as the desired quantity of air is passed through 

in B, the pinchcock, a, is closed and the cap placed 

the tube, c, is then disconnected from the rubber. 

are still some germs in the tube, b, which have not 

the water ; the tube, c, is therefore blown through 

the water rises in b. This is repeated several times 

t'til b has been washed out. Finally the wool plug, e, is 

JUtHiOfy^n or pushed into the water. B is now well shaken up, 

r^jptartly in order to distribute in the water the germs which 

^.jure on e, and partly to eflect a thorough and uniform 

^distribution of the germs throughout the water. The 

^procedure is then exactly as in water analysis, the water 

being dropped through d into the flasks containing culture 

Uqaid. This is done by cautiously breaking off the point 

of the thin glass tube which is fitted into the rubber tubing. 

The dropping can be regulated by holding the finger over 

the opening of the tube, c. 

If there is no more water in B than is used for the 
inoculating, it is not necessary to know the amount of this 
water. If, however, only a part of this is used, which will 
probably be the most frequent occurrence, it is necessary 
to know how much of the total amount of water has been 
used. Suppose for example that 6 litres of air have been 
passed through the water in B, and that B was charged 
with 10 aa of water, and assuming that one drop - 0*05 cc., 
it follows that if 100 flasks are inoculated with one drop 
each, 5 ac. of water in all, or, in other words, the half of 
the water has been used, and therefore the number of germs 
in half the quantity of air, i.e., in 8 litres, is determined. 
Sometimes it happens that the air is so rich in germs that 
it is necessary, as in water analysis, to dilute the water. 
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If it is required to quickly obtain some idea as to the 
purity of the air with regard to germs, Petri dishes with 
wort gelatine may be left open for fifteen minutea The 
covers are then replaced and the plates put into a thermostat 
at 25° C. The germs then develop. 

Hansen's Results. — In his researches on the micro- 
organisms of the air, Hansen had partly in view theo- 
retical considerations, such as the circulation of species in 
nature, especially that of the saccharomycetes, and he 
partly followed out purely practical problems concerned 
with brewing. As regards the solution of the latter the 
air was examined in different parts of the brewery (ferment- 
ing cellar, cooling vessels, etc.). In connection with this^ 
experiments were carried out to discover whether the 
vapours from the grains carried infection by means of the 
numerous bacteria they contain. Hansen arrived at the 
result that this does not take place ; on the other hand, 
dried gi*ains become dangerous in a high degree as soon as 
they are carried by the wind as dust in the air. Therefore 
it is not advisable to employ any apparatus for drying the 
grains in the neighbourhood of the brewery ; for, according 
to Hansen, the bacteria are not killed by this drying ; if„ 
therefore, drying apparatus is set up in such a position that 
the dry particles with numerous bacteria can find their way 
on to the cooling vessels and into the fermenting cellars, 
much harm may be caused by this means. 

Hansen further found that the purest air in the Old 
Carlsberg Brewery was in the fermenting cellars, this being 
due to the fact that the cellars are provided with cold air 
which has been previously purified. In analyses of the air 
in the fermenting cellars of other breweries which were 
without purified air bacteria were observed, among which 
were Sarcina and various species of wild yeasts, disease 
forms also being found. The cooling vessels are exposed 
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^'•i^i^itioii From the air, especially at the time when sweet, 
^^' traits are ripe, when the dust from the ground is 
*^ »rieh not only in yeasts but also in bacteria, 
"^^-tjalysfs of air should be performed in breweries from 
^^ ■*<) time ; a clear idea is thus obtained of the progress 
^*^e ditlerent processes, and will in many cases avert 
*^^ap. It is the air of fermenting cellars and coolers in 
^^^jcular to which special attention must be paid. 

^il Analyses. — In soil analyses a small sample is 

I^^'-^Jed in an Erlenmeyer Hask containing a culture liquid 

^^^^wii with regard to the organisms to be sought The 

^ra of the soil is a very rich one, especially as regards 

^^^eriii ami mould fungi. If saccharomycetes are to be 

^^^I[t,-<1 for, ib ia advisable to seed the soil sample in wort to 

^^'^icli tartaric acid has been added, since this [o-events to 

^ great extent the development of most bacteria. In this 

^^^««e also it in desirable to allow the cultures to remain for fb 

^SOnsiderable time (about fourteen days) at 25° C, and then 

Vt prepare a second culture in wort, as saccharomycetes are 

gaaerally tardy in their development. 

It has also been proposed to mix a small quantity of the 
sample of soil with liquefied nutrient gelatine and then to 
[H'epere plate cultures. However, the result is in most 
eases bad, the number of germs in the stoil )>eing too large. 
Others [H«fer making a paste with the soil in sterile 
water; plate cultures are then prepared from an average 
sample. 

Theae analyses, in common with all the foregoing, 
have the object of discovering the source of the infection 
which may take place in a brewery. The groundwork 
for this was furnished by Paateur'N and Hansen's investi- 
gations. 
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11. — Hansen 8 Pure Culture System in Fermentation Industries, 

The Pure Culture System in Bottom Fermentation 
Breweries. — The following information on the introduc- 
tion of the systematically selected yeast race into the 
bottom fermentation brewery is extracted from Hansen's 
Practical Studies in Fermentation, The starting point must 
be the yeast which has proved its superiority in working 
in practice, and has yielded that product which it is wished 
should be the future normal production of the brewery. 
Since the species which lends its character in great measure 
to the product will be present in superior numbers, it will 
also be the most easily isolated. 

If there is wild yeast present in the stock yeast em- 
ployed, it will, according to Hansen, be present only in small 
amount in the surface beer at the beginning of the primary 
fermentation, or it will be totally absent, while at the finish 
the reverse is the case. A sample of the surface beer is 
therefore taken just at the time when a frothy head has 
formed in the fermenting vessel ; we are then certain that 
the race or species to be isolated is in preponderance, and 
this sample is used for the preparation of absolutely pure 
cultures, the starting point being made as usual from a 
single cell (see page 106). Preliminary fermentations are 
now made with these pure cultures in flasks in the 
laboratory. It is advisable to use the same wort as that 
employed in the brewery, and this should not be re-sterilised 
in the laboratory. • The method of procuring this is described 
on page 76. While fermentation proceeds in the flasks, 
certain preliminary observations are made which will be of 
use later on. It is observed to what extent the wort 
remains clear, whether the yeast lies compactly on the 
bottom, and whether the beer has any peculiar smell and 
taste, etc. A microscopic examination and also a spore 
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culture on a gypsum block are of course made ; in fact, the 
characteristics of the yeast are investigated. It may 
happen that the growths in the flasks which contain pure 
cultures of the required species are nevertheless somewhat 
varied, although they belong to the same species. We are 
here confronted by individual differences, which may always 
be met with, and we must now make a choice from among 
these growths also. 

After preserving some of the pure culture (on the pre- 
servation of yeaste, see page 114) partly in saccharose 
solution and partly in the dried condition on cotton wool, 
the procedure is as follows : — 

Four or five 1 litre Pasteur flasks, containing ordinary 
aerated but sterilised wort from the brewery, are inoculated 
from the flask containing the perfectly pure culture ; these 
are set away at the temperature of the room, and in a week 
they will contain a considerable yeast sediment ; four such 
flasks will generally be sufficient, the fifth being really a 
reserve culture. After pouring off the beer, the yeast of 
each of these flasks is introduced into a Carlsberg vessel 
charged with about 7 litres of brewery wort. After one 
week as much yeast sediment will have formed in these 
vessels as is necessary to prepare stock yeast tor 1 hectolitre 
of wort in the brewery. A vessel of li hectolitre volume 
is then set up in the fermenting cellar ; this is sterilised by 
means of a gas flame and charged with a hectolitre of 
aerated brewery wort. The contents of the four Carlsberg 
vessels are then poured into this vessc^l. If the partially 
fermented wort in the vessels is not to be added also, it is 
previously drawn off*. In the latter case it is advisable to 
let the flasks stand a little Ibnger, about ten <lays, so that 
the yeast may sink more completely to the lx)ttom. If the 
brewery is some distance from the laboratory it will be 
always necessary to draw the beer off* beforehand. The 
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HankH mentioned above (see page 119) are then used fat 
transporting the thin yeast liqnid. The hectolitre of wort 
mentioned iH fermented under the normal conditions of tk 
>)rewery. If the resalt is satisfactory the yeast is intro- 
<luce<l into practical working. 

It is conceivable that a brewery may have operated con- 
tinuously with a mixture of different species of culture yeast, 
and that the combination of the latter has formed ti» 
charactt*r of the product. It is on no account advisable to 
isolati^ these species separately and then to employ a mix- 
ture of them as stock yeast, for the relative proportioDs 
of thr species ciinnot be controlled during fermentation. 
Besides, it would be far too much trouble in practice. 

We have mentioned before that a pure culture yeast of 
this kind introduced into practice can only keep sufficiently 
pm'e in the fermenting vessels for a certain length of time. 
Th(» resisting i)Owers of the different races against wild 
yeasts and biicteria is extremely varied. It is, therefore, 
necessary from time to time to introduce fresh quantities of 
pure culture yeast into the brewery. There are, however, 
cases where a rac(», has remained pure in the ordinary fer- 
menting vess(»ls of practice for more than a year without 
having been renewed. 

The Hansen-KUhle Pure Culture Apparatus. — In order 
to have ready at hand the recjuisite amount of pure culture 
yeast, Hansen, in conjunction with Kiihle, has constructed 
a pure culture apparatus for the continuous production in 
mass of absolutely pure yeast. A dascription of the ap- 
paratus is given below ; — 

The apparatus (Fig. 50) consists of three principal parts, 
viz.y an air pump, A, with an air reservoir, B, a fermenta- 
tion cylinder, C, and a wort cylinder, D. The air pump 
receivas the air through a filter and pumps it into the 
reservoir which is provided with a manometer and safety 
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Talre. The air can pans from the reservoir through the 
communicating pipes, which are provided with outlet taps 
for condensed water, through the cotton wool filters, g and 
m respectively, into the fennentation or wort cylinder. 

The following parts are connected with the fermentation 
cylinder, C : (I) a doubly bent eide tube, c, which opens under 
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water in a vessel, d ; (2) a glnsM tube, /, with marks (10, 20, 
79), which indicate the amount of liquid in tlie cylinder; 
taps are titted at e and h ; (3) a stirring apparatus, b, to stir up 
and distribute any bottom yea-it formed in tlie cylinder ; (4) 
an outlet cock, /, for beer and yeast; (5) a short side tulx;,;, 
provided with rubber tubing and glass stopper : the pure 
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culture of yeast previously prepared in the laboratory i» 
introduced through this tube, the side tube of the tlask 
being connected with it in a flame in the ordinary way ; (6) 
a pair of windows, a, set at an angle to one another, which 
are only added if requested, being best omitted as they are 
superfluous. Lastly there is sometimes a water jacket (Fig. 
51) fitted round the cylinder when the apparatus has to be 
set up in a spot where the temperature must be regulated. 

Connected with the wort cylinder, D, are : (1) a doubly 
bent side tube, n, opening under water in the vessel, o ; (2) 
the stopcocks, q, r and s ; 5 is in communication with the 
pipe through which the boiling hot wort is passed from the 
brewery into the cylinder ; (3) a sprinkling ring and a cold 
water pipe, p, for cooling the wort. The sprinkling riog ift 
perforated with small holes on the side next to the cylinder. 
The cylinder is Htted into a box which is provided with 
an outlet tube, t, and which receives the cold water flowing 
through the sprinkling ring. In Fig. 51 a water jacket is. 
employed instead of this ring ; it is more efficient but also 
more expensive. The wort and fermentation cylinders are 
connected by means of the pipe, k. 

The outlet cock, /, is fitted so that infection from outside 
is obviated during tapping. The construction may be seen 
from Fig. 52 in which the cone valve is shown shut. The 
arrows give the direction of fiow when the stopcock is 
screwed open. The construction of the lower part of the 
stirring apparatus, 6, is given in Fig. 53. 

When the apparatus is fitted up, it is first tested to see 
whether it is air-tight. For this purpose steam is led into 
the cylinder through the pipe. A:, all other cocks being shut. 
As soon as it is found that the apparatus is steam-tight, it 
is sterilised by means of steam, all the cocks being opened 
in turn and closed after the steam has passed through for 
some time. When the apparatus is sterilised, the wort- 
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cylinder is filled with boiling-hot sterilised wort from the 
brewery ; it is then cooled, aerated through m and, after 
this has taken place, a part of it is passed over into the 
fermentation cylinder by means of air pressure. The pure 
cultivated yeast from the laboratory is then added, the 
stirring apparatus set in motion, and later on more wort is 
added. As soon as the proper amount of yeast is formed, 
the beer is drawn off, and the sedimentary yeast stirred up 
and mixed with the small (quantity of beer remaining ; this 
mixture is then taken out, to be used as pitching yeast for 





Fk;. 5*2. — Tlie Construction of the 
Outlet Tap of the Hausen-Kiihle 
Pure Culture Apparatus. 



Fi«. 53.— The Construction of the Lower 
Part of the Stirring Apparatus of the 
Hansen- Kuhle Pure Culture Appara- 
tus. 



a small fermenting vessel (with about 8 hectolitres of 
wort). Wort is then added for the next cultura 

A detailed description and guide for the use of the pure 
yeast culture apparatus described here as well as of the pure 
culture system in general was given by E. Chr. Hansen 
himself in his Practical Studies in Fermentation, London, 
1896. Exact directions are given which are the outcome 
of very comprehensive experiments, which he made in 
the Old and New Carlsberg Breweries, Copenhagen, as well 
as of extensive observations in these and other breweries at 
home and abroad. Some modifications have been made in 
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the apparatus just described, which is the most exten- 
sively used form, and changes have been introduced by 
the following, among others : Bendixen, Bergh & Jorgensen, 
Brown & Morris, Elion, Lindner, Marx, Thausing an<l 
Wichmann. 

However carefully one may work there is always the 
possibility of infection taking place in the apparatus by 
some unfortunate means. It is therefore necessary to 
subject the yeast produced in the apparatus to a controlling 
analysis from time to time (see page 137). The yeast in the 
apparatus should not be changed without good reason. If 
the apparatus is manipulated carefully it will remain free 
from infection for years. 

As already stated, Hansen began his laboratory researches 
on pure culture yeast races in 1881, and carried out conclu- 
sive experiments in practice two years later in the Old 
Carlsberg Brewery. When the new reform had gained a 
firm foothold there and in several other bottom fermenta- 
tion breweries, it naturally resulted in its extension to the 
other branches of the fermentation industry. 

The Pure Culture System in Top Fermentation Brew- 
eries. — ^The first to experiment in practice with purely 
cultivated top yeast was Alfred Jorgensen, who, in 1885, 
introduced a yeast of this kind into a Danish top fermenta- 
tion brewery with most satisfactory results. The method 
was the same as that described above, used by Hansen in 
bottom fermentation breweries, but in some cases it was 
found advisable to aerate the wort a little, as clarification 
proceeded somewhat slowly. Subsequently a large number 
of good species of beer top yeast were isolated by Jorgensen, 
Schonfeld and others, and the pure culture system introduced 
into numerous top fermentation breweries on the continent, 
although not to such an extent as in bottom fermentation 

breweries. 

11* 
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Modifications of the Hansen-Kuhle pure culture apparatus 
have been designed by Jensen, Jorgensen, Kokosinski and 
Wilson for use in top fermentation breweries. 

The Pure Culture System in Wine Manufacture. 
— The Hansen pure culture system has attained great 
importance in the preparation of wine. The systematic 
selection from the numerous wine yeast races is here probably 
of even greater significance than in the other branches of 
the fermentation industry. In this case the most varied 
demands are made on the yeast, which are probably directed 
for the most part to obtaining a better product from in- 
ferior material. In this domain also pure yeast has realised 
completely all reasonable expectations, although it cannot be 
denied that many expectations went beyond reasonable limits. 

The first to use Hansen's system in wine manufacture 
was one of his pupils, L. Marx (1888); later on, Hotter, 
Mach, MilUer-Thurgau, Portele, Seifert and especially J. 
Wortmann have extended the application of the system in 
this sphere. 

The technique of pure culture in wine manufacture is 
somewhat different from that in the other branches of the 
fermentation industry. In a brewery, a sterilised liquid is 
dealt with, a wort ; but it is not possible to sterilise must,. as 
it would take up the so-called boiled flavour and the wine 
would thereby depreciate in quality. This circumstance 
entirely prevents the use of sterilised must in the prepara- 
tion of wine. The germs present in must are, however, 
as a rule so weakened that they only develop after some 
time ; a large quantity of a vigorous young growth of the 
selected pure yeast is therefore added at once to the must, 
and foreign germs are by this means suppressed. This action 
is assisted very considerably by the chemical composition of 
the must; and it is this also which is responsible for the 
fact that spontaneous fermentation has been advantageously 
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employed for so long a time, a good product being obtained 
without sterilisation or centrif ugalising. 

According to Wortmann's researches the end products 
of fermentation, as well as the quantity of these, are the 
same, whether little or much yeast be added ; but the 
more yeast added to the must, the quicker is the fermenta- 
tion. It is best when fermentation proceeds quickly, as, in 
consequence, the foreign germs present in the must are more 
completely suppressed ; the fermentation may, however, be 
too violent if an excessive quantity of yeast is added ; the 
result of this is, that the must not only froths over easily and 
a part of it is thus lost, but, by the vigorous production of 
carbonic acid, bouquet substances are also carried off at the 
same time and the wine loses in quality. 

With regard to the quantity of yeast to be employed, the 
following numbers given by Wortmann may serve as a 
guide : With light musts, i.e., musts containing about 18 
to 20 per cent, of sugar, one can rely with certainty on the 
fermentation being controlled by the pure culture yeast and 
consequently on a good result if from 1 to ^ per cent of 
yeast is added. By this is understood that to every 100 
litres of fresh must is added ^ to | litre of a must brought 
into vigorous fermentation by means of a pure yeast. Good 
results are also obtained with the larger addition of ^ to 1 
per cent. But Wortmann found the effect of still larger 
additions of yeast to be too great with light musts. 
With heavy musts the addition of yeasts may be much 
larger, i.e., up to 1 per cent, or even more, without feai* 
of bad results. If it is desired to re-ferment wines not 
thorougfaly fermented, or sugared wines, the addition of 
pore yeast should be still greater, in fact 2 per cent, or 
over. The same holds good for the employment of pure 
yeast in the preparation of sparkling wine. If wines which 
have stopped fermenting are to be forced with pure yecist. 
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Wortmann recommends a yet gi'eater addition of yeast, up 
to 10 per cent., according to circumstances. 

The temperature of the fermenting room requires care- 
ful watching ; it should be kept lower than it is otherwise 
usual to keep it, so that in fermentations to be carried out on 
the large scale with pure yeast, the fermenting may not be 
too violent. 

It is, in addition, important to employ the yeast at the 
proper stage of development. The yeast must be in such a 
condition that, when placed in the must, it can immediately 
continue its development, so as to obtain the mastery in 
as short a time as possible. Therefore the practitioner 
obtains from the laboratory small quantities of yeast, 
which he then increases in definite quantities of must. 

Since the number of wine yeast races brought into use 
is large, and the fermentation of grape must is limited to 
a few weeks in each year, a pure culture apparatus such as 
that which has been described for use in brewing for the 
continual production of yeast in mass is not applicable in 
this branch of work. Laboratories would require to have 
a large number of such pure culture apparatus, and even if 
they possessed them it would be impossible in the short 
time at disposal to produce the quantity of yeast necessary 
for the work. Consequently stations and laboratories dis- 
pose of the pure culture yeast in small quantities which 
the practitioner then increases for himself. 

In cultivating the yeast, laboratories employ sometimes 
the concentrated must mentioned on page 80 and some- 
times a must pressed from home-grown grapes ; the former 
is diluted with water. In cases where a specially vigorous 
yeast is required, e.g., in re- fermentations and fermentations 
of unfinished wines, the employment of well-nourished, 
non-aiirated yeast is to be recommended. 

Pure yeast is supplied to wine producer in a thin 




HANSEN'S PURE CULTURE SYSTEM 167 

^eondition by the stations, e.g., by that in Geisenheim 

■^ajly the fermentation laboratory at Klosterneuburg ; the 

■ eOQtain as much yeast as is produced in 0*5 to 2 litres 

liquid. 

Geisenheim station has given the following direc- 

fbr the use of this pure culture yeast : The flask with 

^ pure culture ought not to be more than two weeks old 

^C::^ /"the very most. Some days before the beginning of the 

^llnal vintage, about 12 litres of freshly prepared, not 

^.^^jjmieDting must from good, ripe, sound grapes are allowed 

M boil for about five minutes, being skimmed carefully 

^mnirnrhilr, and then allowed to cool down to the tempera- 

..tare of the room, the pot being covered. After cooling, the 

^^ oontents of the yeast flask should be poured into the must, 

the flask washed out several times with must, and the pot 

•eeurely covered again, and placed away in a dust-free 

situation at the temperature of the room, until the must, 

after two to three days, exhibits violent fermentation. The 

must thus brought to fermentation is then put into the 

freeh must to be fermented, the quantity of which depends 

on the conditions at the time. 

The selection of the pure yeast is of the highest im- 
portance in the preparation of sparkling wines. It affords 
the certainty that the after- fermentation under the ex- 
tremely difficult conditions obtaining proceeds unaided, 
which was formerly more or less accidental and often caused 
the loss of large sums of money ; the use of pure yeast 
further renders it possible to choose such yeast races as will 
produce little turbidity of the wine in bottle in spite of 
vigorous fermentation, as they separate easily and remain 
clinging to the cork. 

The use of selected yeast races has also proved of value 
in the preparation of sweet wines. Its value lies chiefly 
in the fact that, by the aid of a yeast which is equally 
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vigorous to resist and to ferment in a high concentration 
of sugar and alcohol, wines may be produced with certainty 
which contain always the same amount of alcohol A 
further advantage is that these wines are ready sooner, and 
are finer toned and preserve better than those spontaneously 
fermented. W. Seifert has the merit of having first made 
researches in practice on this subject, and of having intro- 
duced the pure culture method into this branch of wine 
production in the large businesses in Austro-Hungary. 

The Pure Culture System in the Manufacture of 
Cider. — The employment of selected pure yeast in the 
manufacture of cider is no less important than in wine 
manufacture. Besides the above named, Jorgensen, Kayser 
and Nathan have worked specially at this subject. The 
procedure is the same as in the preparation of wine. The 
results are also very satisfactory here, and ciders prepared 
by means of pure wine yeasts assume a more or less vinous 
taste and smell. 

The Pure Culture System in the Manufacture of 
Spirit and Pressed Yeast. — The credit of bringing the 
pure culture system into general recognition in spirit 
manufacture is due to the station in Berlin. The yeasts 
prepared by P. Lindner (Races L and IL, especially the 
latter) are employed in numerous distilleries and have given 
good results. 

During the last few years the principles of race selection 
and pure culture have been applied in the preparation of a 
lactic acid bacterium for use in the above-mentioned 
industry ; a mass culture from this bacterium is used for 
souring in order to prevent the injurious butyric acid fer- 
mentation. The first to introduce this pure culture into 
practice was Fr. Lafar. The use of lactic acid bacteria for 
souring the yeast mash has been considered a necessary 
evil by all the leading technologista Recently, Wehmer 



HANSEN'S PURE CULTURE SYSTEM 169 

has attempted to use lactic acid directly instead of the 
bacteria. A commercial lactic acid, not absolutely pure, can 
now be prepared somewhat inexpensively and he has ob- 
tained good results with it in practice as a souring material. 

Finally, the pure culture system has been applied in 
recent times in the manufacture of pressed yeast. The 
Berlin station has been especially active on this subject 
and the use of Race V., there isolated, has spread to a great 
extent. 

Other yeast species and races applicable to the manu-: 
factures mentioned have been isolated in the technical 
fermentation laboratories to be found now in every country. 



SECTION III. 

the micro-organisms of most importance in 
thp: fermentation industry.^ 

The iiiicro-organiHins to be described now are partly useful, 
partly disadvantageous to the alcohol fermentation industry; 
their importance is therefore of widely different character. 
They all belong to that branch of the plant kingdom called 
fungi. The fungi are divided into two large groups : true 
fungi (Eumycetes) and fission fungi (Schizomycetes). The 
first of these two groups is divided into that of the algae 
fungi {Phyc&mycetcs) and tliat of the higher fungi {Mycomy- 
cetes)r Of the numeroas fungi belonging to the phycomy- 
cetes only a single group comes to be considered here, 
namely, that of the Zygomycetes, and in this only the 
family of Mucoracece. 

Among the mycomycetes we shall refer partly to the 
sac fungi (Ascomycetes), taking representatives of .the four 
ordei>», the gymnoascea? with the family of saccharomycetes, 
the perisi)oraceai with the family of aspergillea?, the 
sphseriacea) with the family of sphjerieae, and the ilis- 
comycetes with the family of pezizaceai — partly to a large 
group of fungi, the imperfect fungi (Fujuji imperfecti), of 
no less importance, but which cannot yet be classified ; 

' A bibliography Ik given at the eDd of the book. 

^We refer those wishing a more detailed description of the fungus 
system and the general morpliology and physiology of fungi to Zopf's 
Handbiich der PiUe, 
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igr are in all probability only stages of development of 
forms of fungi. 
A review of the systematic connection of the micro- 
ims to be described here may be made by aid of the 
laasification given on page 173. 

I. — True Fungi (Eumycetes) 

the name given to those fungi of which the vegetative 
is a mycelium. This consists of long threads which 
growing points and exhibit true branching. The 
division is distinguished by this means from the 
aecxmd, which contains the fission fungi. 

1 . — AlgcB fungi (P hy corny cetes). 

The whole mycelium consists as a rule only of one 
mngle, very much branched cell. Septa only appear under 
special conditions, and first appear normally when fructifica- 
tion begins. Endogenous spores are formed in sporangia. 
The only group belonging to this division which we will 
consider here is that of the 

Zygcrmycetes. 

Multiplication takes place in these fungi partly by 
means of spores in sporangia, partly by means of the so- 
called zygospores, and in some forms by budding, by 
gemmae (chlamydospores) and by conidia. 

Mucoracece, 

The spores develop from the maas of plasma in the 
interior of the sporangium, a part of the plasma being left 
which swells by taking up water. This happens as soon 
as the spores are ripe, and the wall of the sporangium 
bursts, setting free the spores. These fungi can propagate 
themselves not only by means of endospores, but also by 
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zygospores (Fig. 55, V. and VI.). The latter are pro- 
duced in the following manner: Two club-shaped swell- 
ings develop on two neighbouring mycelial threads; 
these grow towards one another until their ends touch, 
which then become flat. The two flattened end mem- 
branes then coalesce. A septum is then formed in these 
club-shaped growths, so that an end cell — a copulation 
cell (Fig. 55, V., c) — and a suspensor (Fig. 55, V. and VI., b) 
appear. Finally the two end cells melt into one and a 
zygospore is thus formed (Fig. 55, VI., a). Some species 
form zygospores easily; with others it seems to be ac- 
cidental; in short, the conditions of their formation are 
not yet known. The communications made by Bainier 
and others on this subject do not hold as regards those 
species with which the author has experimented. 

A third means of propagation is possessed by some 
species ; this consists of the so-called gemmsB or chlamydo- 
spores (Fig. 58, a). When the mycelium is immersed in a 
culture liquid containing sugar, numerous dividing walls 
make their appearance; short members are thus formed, 
which swell to a barrel shape and become highly refractive, 
after which their cell walls thicken. The separate members 
may grow into mycelium, or develop sporangium carriers 
at once (Fig. 58, 6), or they may separate from one another 
and increase by budding like yeast cells; the so-called 
•* spherical yeast" is thus formed (Fig. 59). The spores 
may also behave in this manner. 

Hansen has established the following general law for 
fungi, that the temperature maximum for the development 
of the organs of propagation lies lower than the maximum 
for the development of the vegetative organs. This, of 
course, applies also to the Mucoracea. Not long ago he 
described two new species, Mticor alpinus and Mucor 
negUctus, which can both develop zygospores. He showed 
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that the temperature maximum for development of sponufi 
and zy^Mpores in lower than that for development of nf- 
ct^liuni. yeast cells and ^mma formation, and that tk 
teniiHTature limits for sporani^ium and zygospore foraa- 
tion change with the species; thus, in Mucor alpiim. 
N])()rangiuni formation has a hi^^her temperature maximal 
than zyp>sp<)re formation, whilst for Mucor ueiflectu^ thf 
n»vt»rsi» is the case. 

(h (renus : Pin Moulds, Mucor, Micheli. 

( 'Juiracteristic of this order is the ball-shaped sporangium 
(Fi^. 54, III. and IV.) which occurs at the point of the 
H|)()ran;^iuni carrier which is undivided in most kinds, a 
• cohiiiH'lla " st^parating sporangium and carrier (Fig. 54. 
III., h). This columella is formed by the more or less 
vesicular end of the sporangium carrier projecting into 
thf sjxjrancjiiim. A crust of calcium oxalate (Fig. 54, III., 
c) is (jften present on the outer wall of the sporangium. 

The sjx'cies heloiigin<( to this order live either as sapro- 

phytrs. /.*., on ilcad animal or plant matter, or as parasites. 

i.e., on livin;^^ (jr;^anisnis. They may be frequently seen ^ 

a vvhit(^ j^ray or hrown felt on dung, bread, fruit, corn. 

malt, etc., and they also thrive in beer wort Some specie 

can canse dextrin to ferment, others again contain diastase. 

Hansc^i investii^ated several of these species with regani 

to their action on the four sugars: saccharose, maltose, 

lactose and dextrose. It appeared that lactose is fermented 

by no species, and sacchamse only by one single species 

after previous inversion, while on the other hand all the 

species investigated ferment dextrose and maltose. The 

fermentation of maltose proceeds very slowly and only forms 

higher percentages of alcohol after a relatively long time. 

Thus, for example, Mucor Mucedo in wort gave after fifteen 

days at 28** C. only 0*4 vol. per cent, alcohol ; after two and 
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B quarter months ai the room temperature it had formed 
..#Ol., after six months 3 vol, and after one year only 31 
2^dL per cent of alcohol. 

The fermentability of the various species proved te be 
rriory varied. While, for instance, Mucor Mucedo did not 



v:^ 





Fk. 54,— J/»cor^Bo«fc, L, l,.SporB3. II., (Il: 
a, sporkngiani curier ; A, columella : c, ci 
e, ploanu between the bpores. (After 
iiponiigiain curlera ; f. > burstiug aporsn 



tingapores. III., Sporangium; 
1 Disliil« cryalaU i li, npores ; 
li) IV,. a, mycelium with 
(After Kenier.} 



reach 4 vol. per cent, of alcohol, M. erectus gave 8 vol. per 
cent. The facta communicated about alcohol formation in 
the following are from Hansen. 
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The powerful yeast fungi of this order show top 
fermentation phenomena. Emmerling found that, simul- 
taneously with the formation of alcohol during the 
fermentation, glycerine and succinic acid are formed also 
in about the same proportion as in Saccharomyces fer- 
mentation. 






V. VL 

Fio. 55. — Mucor MiKxdo^ L. V. , a, Zygospore formation ; 6, suspensors ; c, copula- 
tion cells. VI., A complete zygospore, a ; h, suspensors. (After Brefeld.) 

The above-mentioned formation of spherical yeast and 
gemmaB has no connection with the formation of alcohol. 
Thus M. MiwedOy e.g., yields alcohol without possessing these 
organs, just as the latter are found in species which have 
no fermenting power. They are, however, strongly de- 
veloped in all species of considerable fermenting power. . 
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a 10 per cent, aqueous cane-sugar solution the 
species, like the saccharomycetes, are very tenacious 
4 life. All the species investigated by Hansen remained 
^Kve for seven years ; he proved, with regard to some 
\, that they were alive after more than eleven years. 




Fn. 66,'—Mttcor racemosiMf Fres. A 
branched carrier with larger sporan- 
gium at the top and smaller ones on 
short side branches. ^^. (After Frese- 
nius.) 



Fia. 57. — Mucor raceinoausj Fre^. 
Three sporangia with transparent 
membrane, through which the 
spores are seen. ^^. (After 
Fischer.) 



They lived, dried on filter paper, for more than four years. 

Mucor Mucedo, L. (Figs. 54 and 55). — The mycelium 

is jSrst white, later light brown. The sporangium carriers 

are often about 10 cm. long ; the sporangium (Fig. 54, III. 

12 
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and IV.) is spherical, large, with a diameter of 100 to 150 /i ; 
it is first yellow, later grey and nearly black. The colu- 
mella (Fig. 54, III., 6) is a short cylinder with a dome-shaped 
end. The spores (Fig. 54, I.) are ellipsoidal, 7 to 12 /i 
long and 4 to 7 /i thick, with a colourless membrane and 
yellowish contents. The zygospore (Fig. 55, VI.), which 
was found on dung, is large (90 to 200 /i), spherical, brownish- 





Fio. as.—Mucijr racemotntA, Fres. a, Part of a mycelium, the contents of whiflh 
have contracted to numerous gemuife. ^\^. 6, Five gemmse together, 
which liave germinated into small undivided sporangium carriers. ^^, (After 
Brefeld.) 

black and with wart-like excrescences. Under special con- 
ditions (lowering of temperature, impaired nourishment or 
parasitical attacks) the sporangium carriers have the power 
of branching ; the branches then often bear sporangia 
without columellsB, so-called sporangioles. This species 
does not exhibit gemma formation. 
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Mucor Mucedo liquefies wort gelatine when it grows on 
this medium. It forms in wort, after one year at the room 
temperature, 3*1 vol. per eent. of alcohol, and it appears to 
have then reached its maximum. In a 5 per cent, solution 
of maltose in yeast water it exhibited a feeble but distinct 
alcoholic fermentation. In a 10 per cent, solution of dex- 
trose in yeast water it formed 0*8 vol. per cent, of alcohol 
after one and a half month. 

The fungus is extraordinarily widely distributed in 
nature, and is found everywhere on manure, decomposing 
vegetable matter and in soil. 





a 

Fiti. 59.— Mucor racenutSM^ Fren. c/, A piece of myceliuiu iiinnerse<l in sugar 
solution, separating into spherical yeast ; 6, Spherical yeast multiplying by 
budding. ^\K (After Brefeld.) 

Mucor racemosus, Fresenius (Figs. 56, 57, 58 and 59). 
— The sporangium carriera (Figs. 56 and 57) are, as a rule, 
branched, 2 to 3 cm. high ; the sporangia (Fig. 57) spherical, 
brownish and 30 to 40 /i in diameter. The spores are ellip- 
soidal or spherical, 5 to 8 /i long and 3 to 5 /a thick. TIu> 
columella is pear-shaped. Zygosix)res occur very seldom, 
and are spherical, 70 to 84 /x thick, yellowish and provided 
with brown, lumpy or ridged thickenings. This species 
displays a very abundant gemma formation (Fig. 58). 

Hansen found the following temperature limits: In 

12* 
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wort and on wort-agar-gelatine, the maximum temperature 
for the development of the mycelium is 32** to 33"* C, of 
yeast cells and gemmae 32° C, and the minimum tempera- 
ture for the mycelium and gemmie ^° C. The temperature 
limits for the development of sporangia on wort-agar-gela- 
tine are 31" to 32° C. and 3° to J° C. 

When Mncor racemosns is seeded on wort gelatine, its 
felty appearance quickly changes, the surface becoming 
clear and the gelatine licjuefjring. At the ordinary room 
temperature after fourteen days, it forms 1*3 vol. per cent of 
alcohol in wort, after one year 7*0 vol. per cent. It fer- 
ments maltose. At 25° C. it forms, in yeast water containing 
10 per cent, of dextrase, 2*6 vol. per cent of alcohol after 
one and a half month, and at 25° C, 2 3 vol. per cent, of 
alcohol in yeast water containing 10 per cent of cane sugar 
after one and a half month. This fungus is the only 
one of the hitherto investigated Mucor species which 
generates invertase, and, in consequence, is able to trans- 
form cane sugar into invert sugar and to ferment the 
latter. 

This fungus is widely distributed and occurs particularly 
on plums. 

Mucor erectus, Bainier, is closely related to the fore- 
going species, and was formerly confused with it It does 
not, however, contain invertase ; on the other hand, it can 
transform starch into a reducing sugar. 

When it is sown on wort gelatine, a growth develops 
which is morphologically similar to M. racemosus. At the 
ordinary room temperature after two and a half months it 
forms 8 vol. per cent, of alcohol in wort, and at 25° C. 7 vol. 
per cent, of alcohol after the same period. In a 10 per cent, 
solution of dextrose in yeast water at 25° C. it forms 3*5 
vol. per cent, of alcohol in fifteen days. In several respects 
it thus excels brewery yeast, being able to produce a higher 
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^Mont of alcohol in wort : but, as regards rapidity of fer- 
— — tation, it is inferior. 

^Mucor oryzae, Went and Prinsen Ceerligs. — The 
^^"Belium iias rhizoid-like ott'shoot^. Gemmse (chlamydo- 
crres) arf? the only known organs of multiplication. 
■"^3 specit-w is found in "raggi," i.e., in a mixture of nee 
^^ variou SI organisms which is used iu the manufacture of 
^Sck in Jiiva. It transforms the rice starch into dextrose, 
Tich in ttiun fermented by the yeasts present. Its gemmte 
^^not produce alcohol. It may possibly be identical with 




PlO. 60. — Mhcot tp{9oiH3, van Tleglieni. I., Sporangium carriar with sporangift. 
II., Sporangnim carrier with columella and loow spores. (After Oajon. ) 

the Bkizopus oryzee to be described later, which is also found 
in " raggi ". 

A species related to the above and employed in the 
Mame manner is 

Mucor (Amylomyces) Rouxii, Calmette, which is 
propagated by chlamydospo !■<.■« and also by means of 
sporangium fructifictitioii ; ttiis latter fact was discovered 
by Wehmer. The growtks are grey, light yellow to liglit 
yellowish -brown on agar-agar, but on rice they are orange- 
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yellow. The sporangia are colourless to yellowish, sphei-ical. 
about 50 fi in diameter, smooth and translucent. The 
columella is spherical, smooth and colourless, and the spores 
are long shaped (5 x 28 fx), seldom round, colourless, 
smooth and shiniug. The best growing temperature for 
the fungus is 30° to 40° C. It is found on rice husks, and 
is made from these into " Chinese yeast," which is a common 
article of commerce in East Asia, and which contains, be- 




Flo. 61. — Miiatr frynilri/er. Cohn. Mycelium witli underlying branched carriers. 
Tlie eporangu at <■ hsve bunt anit the calurntlU together with thg expanded 
end of the carrier farm a pear-iihap«<l body, 'f, (After Lichtheim. ) 

sides this species, various saccharomycetes, aspergillse and 
bacteria. Its function consists, like that of the above 
species, in changing the rice starch into sugar, and thus 
making the latter capable of fermentation. This fungus 
can ferment sugar itself, like most other species of Mueor, 
but the process is best performed by saccharomycetes. The 
species has begun to be used, of late years, in spirit manu- 
facture, but, as it seems, without real s 
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;^MucK>r spinosus, van TIeghem (Fig. 60), is dis- 
ipd&hed by the thorny, irregular growths frequently 

-^plid on the columella (Fig. 60, II.); these sometimes 

Ipear only as bacterium-shaped growths, or they may 

^. entirely absent. If the fungus is sown on wort gelatine, 

"|0 latter becomes covered with a brown felt, and is 

"^ i|Q0fied. Gemmae are formed. 

The fungus forms 5*5 vol. per cent, of alcohol in wort at 

*1SP .C. in a year. In a maltose solution it soon shows signs 

iC fermentation, and forms 3'4 vol. per cent, of alcohol in 

^lig^t montha In yeast water, to which 10 per cent, of 

iZdecctrose has been added, it produces 2 vol. per cent, of 

"Taleohol in sixteen days at 25'' C. 

* Mucor alternans, van TIeghem, according to Gayon 

=r and Dabourg's researches, is able to change dextrin and 
atarch into sugars, and to ferment these substances. It 

J fknrms alcohol up to 4*2 vol. per cent. 

f** Mucor corymbifer, Cohn (Fig. 61), differs considerably 
in appearance from the forms hitherto described. The 
mycelium is white, later on light grey, and forms a very 
thick felt, the separate mycelium threads being very long. 
The sporangium carriers do not grow out straight, but form 
decumbent umbellate raceme-like branches, the ends carrying 
from one to twelve umbellate sporangia ; below the end- 
umbel these fruit carriers develop, in addition, a number of 
single, short-stalked, smaller, racemose and to some extent 
dwarfed sporangia. The sporangium carriers are expanded 
below the sporangia. The latter are colourless, pear-shaped 
and 10 to 70 /i in diameter. The columella is conical, broad 
at the top and often warty and brownish. The spores are 
very small and elliptical, being 3 /x long and 2 /x broad. The 
optimum temperature is remarkably high (37° C). The 
fungus is pathogenic to man, and has been found, for 
example, in the eye. Wort gelatine is not liquefied by this 
fungus at ordinary temperature even after three months. 
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(2) Oenus : Rhizopua, Bhrenberg. 

This ditfers from the first g«DUB in that the mycelium 

threads develop Btoloo-like side branches (Fig. 62, a), which 

grow archwise through the air, until their ends come again 

into contact with the substratum, when peculiar adherent 





t 



Fir, . (i2.~/thio'iin.' ligriaiHs, t^hrsnlwrg. ii, RuDsen or stolons aud aponn^um 
carriers, tliere being usually mare of the latUr (3 to h) than ara shown in th* 
iignre. About [. (After De Bary.) A, Aoolumella (c) the lower pnrtof which 
(ii) is frw ; the sporangium wall grew (rom s. if. (After Fischer.) c, A 
uollnpseil mu^brooiii-lilte columella i-avere-l, like the prertoiia ona, with spores. 
'%". (After Fischer.! ■'. i'ipe warty lygnspore. y. (Aft*"" D« Bfcry.) 

orjjanH. rliizoidK, are developed. The eporanj^um carriers 
appear where these rhizoid.'^ are produced. 

Rhizopus nigricans, Ehrenberg (Mucor sioloni/er, 
E3hrenberg), is represented in Fig. 62. Two to five 
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sporangium carriers are found together; they are about 
2 to 4 mm. long, and carry a globular blackish- brown 
sporangium, which encloses almost the upper half of the 
columella (Fig. 62, 6), leaving the lower part free. The 
columella is well-developed and dome-shaped ; after the 
spores have been set free it collapses into an umbrella or 
mushroom shape (Fig. 62, c). The spores are slightly angular 
and provided with ridged thickenings, being alx)ut U to 1 7 /i 
in diameter, and of a greyish -brown colour. Zygospore 
fructification has been observed (Fig. 62, d) on unripe goose- 
berries and on earth-nut cake. The suspensoi-s are thick - 
bodied, whilst the zygospore, which is covered with hemi- 
spherical warts, is barrel-shaped and has a diameter of from 
170 to 220 fjL 

This species sometimes occurs in large (juantity on 
broken grains, and it is also productive of decay in many 
fruits, especially applea J. Behrens found that this fungus 
secretes a protoplasm-poison, i.e., a substance which has a 
poisonous action on the protoplasm of the living fruit cell. 
It can also convert starch into sugar. 

Rhizopus oryzse, Went and Prinsen Geerligs. — The 
sporangia are blackish-brown with pear-shaped columella^, 
and frequently a rim remains after the bursting of the 
sporangium wall. The size is variable, the length often 
being about 175 /x, and the breadth about 100 fi. The 
spores themselves are somewhat angular, light gi*ey, 7 fj, 
long and 5 fi broad. Gemma; are produced in abinidancc, 
whilst peculiar wreath-like branchings occur on i]w aerial 
mycelia. 

It changes rice starch into dextrose and is a constituent 
of the "raggi" mentioned a})ove, employed in the manu- 
facture of arrack in Java. Its |)rohahle relationshi]) to 
Mucor oryzae has been alrea<ly stated. 
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II.— The Higher Frxoi (Mycomycetesi 
Tht* in yct»Huin is divided by Hepta. ^^ 

A. — Sac FrxGi (Ascomycetes). ■, 

The fill);:! belon^iif; to thifl division form endosporesii 1^ 
a s|H)nin^iuin which is calle4l an ascus or sac. Manysotk B^- 
.is<M iiuiv ^H» oiicloHe<l in a distinct outer envelope. 
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Order L — Gymnoascea . 

'l1i<'S(> arc the simplest of the ancomycetes. The an 
hav«' no outvr ci>ating. 

Tiu'K Yeast Fungi (Saccharomycetes). 

General. 

'\\) tliis t'ainily UJong all true alcoholic yeast fungi, on 
thr activity of which the alcoholic fermentation indostzy 
«lc|Hiuls; t4> it also Ixjlong Home of the most formidAhk 
rnrinirs witli which this industry has to contend. 

\.—Thr S lie char amy cetes Distinct Fungi, 

SiiKM' the ycai- 1S.S7, when it became evident that yeast 
is a vr;^^«'tal»lc ^^nowtli, it has been asserteil at different times 
by various authorities that yeast is not an independent 
organism, but only a separate stage of development of some 
lii^hci- fun;;us. Experimental confirmation of this was 
atteni|)te«l. ami. as the methods of that time were very 
imperfect, some very remarkable results were obtained. 
The mould fun<^n, especially, were accepted as the probable 
|)arent ^^rowtiis ; this assumption was apparently strength- 
emMl by the tliscoverv of tht» formation of veast-like cells in 
Mih'or, for here were bu<l(ling cells which, like real yeast, 
wt»re capable of forming alcohol. Sometimes it was be- 
lieve<l to have been prove<l that Pcn'uiUium or Miicor were 
the parent forms, sometimes rstlliujo, AspenjillnSy Steri/jvia- 
(<>cj/.stis, Dvmatlnm, etc. Claims for the latter, especially, 
have l)tM»n put forward <juite recently. 
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Whereas formerly only alcohol-forming yeast fungi were 
understood under the denomination " yeast," this term was 
extended later to include all budding fungi. After it 
became known that Ustilago, the smut found on grain, 
forms budding cells, it was asserted that the yeast cells 
of Ustilago, and the alcoholic fermentation fungi of practice, 
were morphologically identical. It was again inferred from 
this that yeast is derived from Ustilago. Although thi« 
opinion was never proved, it was yet strong enough to 
cause confusion of ideas. Even now the word " yeast *' is 
frequently used in text-books to designate not only true 
saccharomycetes, but also all budding fungi. 

There exists at the present time, meanwhile, no proof at 
all that saccharomycetes are a stage of development of other 
fungi. On the contrary, we must regard them as ascomy- 
cetes equally as independent as, e.g,, the exoasceae, the 
independence of which no one has doubted, and to which 
group they are closely connected, appearing in the same 
forms (budding cells, endospores and mycelium) as the 
exoasoeae, and in these forms only. 

2. — Structure and Shape of Yeast Cells. 

A Saccharomyces growth always consists of budding cells, 
under certain conditions also of asci with endospores and of 
mycelium. 

The budding cell consists of a membrane enclosing a 
mass of protoplasm in which there is a cell nucleus. 

The Cell Contente. — The cell nucleus, the existence of 
which was proved by Schmitz in 1879, is, as a rule, a 
spherical body ; Hansen has, however, in some cases ob- 
served flat nuclei. In each yeast cell there is only one 
nucleus. To see this it is usually necessary to fix, harden 
and stain the preparation (see p. 89). Only in exceptional 
cases can they be seen without this preliminary treat- 
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meiit. The cell nucleus has been studied in recent times by 
Jannsens, Leblanc and Wager. Elssential points with regard 
to its structure and function have not yet been cleared up. 

According to Jannsens and Leblanc the protoplasm of 
the yeast cell fonns a line network ; during fermentation 
its appearance changes : vacuoles appear, the protoplasm 
becomes granular, and fat and oil particles may be formed. 
By vacuoles are understood cavities in the cells, which are 
filled with cell sap. A highly refractive body, the vacuole- 
granule, is usually seen in vacuoles, which is in constant 
motion, the so-called Brownian molecular movement. The 
number of these granules is usually one to three ; only in 
exceptional cases are there more than three or none at all. 
According to Kiister these bodies are decomposition products 
derived from the plasma ; they form a plastic, semi-fluid mass. 
Using a weak aqueous solution of neutral red (1 to 5,000 or 
1 to 10,000) they become intensely red in a few minutes, if 
the material is suitable, all other parts of the cell remaining 
colourle.sH. Vacuole-granules coloured in this manner give 
up the colouring matter in a sugar solution, the latter gradu- 
ally becoming red. 

In the cell protoplanm may often be seen numeroiLs 
gi-anules asually of angular shape. They are easily stained 
by aniline dyes, esixicially methyl green (Casagrandi). They 
are soluble in alcohol, ether, chloroform, chloroform and 
ether, caustic ])otash, caustic soda, petroleum ether, etc. : 
sometimes they re(|uire several days to dissolva Accord- 
ing to Will they are of a fatty nature ; he has further 
observed that when the oily substance had been removed 
by treatment with absolute alcohol, small faint bubbles 
appeared in the place of the granules, in the interior of 
which a network could b(? se<Mi. 

If absolute alcohol is added to a preparation the cells 
may be seen to shrink up, and are soon killed. In general 
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cells are distinguislied from living ones, as we saw in 
on IL, by the greater ease with which they take up 
iring matter. 

,*he Cell Wail and its Gelatinous Formation. ^Tlie 
ibrane of the yeast cell is very thin in young individuals ; 




Flo. 63. -G«UMdoub natwnrk, I., Network fornistiou and yeut cell<i which &r« 
(Uined with methyl violet ; most of the celts liave ilissppeared ; some (od the 
rigbt) ttill lie in the meihw. 11,, \t may 1« aeen [n a, 6 aad <l that the 
Detwoik forms complete walls ; there are in a 3 cells, in b 1, and in c 2 cells 
lying in the meshes. (From Hausen'a origiunl drawing, | 

in old cells, and in sucli aa live under unfavourable condi- 
tions of nutrition, it may become tolerably thick, c.^,, several 
microra ill i metres. It can be shown distinctly by means of 
various reagents {e.g., dilute acid and alkalis). According 
to Will's and Casagrandi's experiments the membrane con- 
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sists of two or more layers ; this may be shovm by treating 
the cells for a long time (days to weeks) with a 1 per cent 
solution of osmic acid. The membrane dissolves easily in 
concentrated chromic acid, more slowly in concentrated 
sulphuric acid (Casagrandi). 

The membrane of the cell gives off, under certain con- 
ditions, a mucilage which takes part in the formation 
of the gelatinous network described by Hansen (F\^. 
63). After hardening an ordinary microscope prepara- 
tion it shows itself in the form of strands and platen 
between which the celU are enclosed. The granulations 
originally present l>etween the cells may be taken up into 
the substance of the network, which may be stained by this 
means. This formation may be readily obtained if a lump 
of thick yeast, as it asually occurs in breweries, is placed in 
a glass, covered, and put away for a short time until partial 
di ying takes place. It usually occurs also in spore cultures 
on gypsum blocks, on gelatine and in yeast ring formations. 

Will considers the network, which appears, e.g., during 
the <lrying up of beer yeast, to be different from that which 
occurs in film formations and in the yeast ring. In his 
opinion a gelatinisation of the cell membrane possibly 
takes part in bringing about the former, the albumen 
mixed up with the yeast, however, playing the chief 
part. The networks formed in the film and in the yeast 
ring may also, according to him, be of different constitution, 
sincL* some forms are found which give the albumen reaction 
and some which do not. It is very diflScult to distinguish 
here wliat, in the ni^twork formation, originates in the cell 
wall itself, what in the cell contents, and what in the 
surroun<liiig niediuni ; this is perhaps a problem which does 
not as yet admit of a solution. 

Shape of the Cells. — Budding cells occur especially in or 
upon nutrient liijuids, but are also found on solid substrata. 
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Their shape is exceedingly varied ; they are spherical, egg- 
shaped, oval, sausage-shaped, tilament, dumb-bell, and lemon- 
shaped, etc., besides occurring now and then in cultures in 
quite irregular and abnormal forms. It is a noteworthy 
fact that no definite cell shape is absolutely peculiar to 
one species; it is true that the majority of the cells of 
a species, under certain conditions of culture, occur in a 
certain shape ; but if these conditions are altered, the shape 
will alter also. A Saccharomyces speciei* can seldom or 
never be determined by 'microscopic observation alone. 
Hansen clearly demonstrated this multiplicity of form of 
the species and the defectiveness of the classification whiclx 
had been employed before his time. Simultaneously he 
showed that, under definite conditions of culture, the 
shape of the cells affords a good group — characteristic for 
species. (Compare p. 233, " Vai-iation ".) 

3. — Modes of Propatjation. 

Budding. — Vegetative increase (the formation of new 
vegetative cells) takes place in all true saccharomycetes by 
means of budding. This takes place by a small outgrowth 
forming on the mother cell (Fig. 04), and gradually increas- 
ing in size. 

The new cell may separate from the mother cell, or may 
remain connected with it ; in the latter case large colonies of 
buds are formed (Fig. 64). In the genus Schizosaccharoinyces 
v^etative increase takes place not by budding, but by 
splitting off. Near the middle of the mother cell is formed 
a septum which splits up and thus sets the new cell free. 

The budding of a single cell was studied by Mitscher- 
lich in 1843 ; he distributed a little yeast in beer woi*t, so 
as to obtain one or two cells in an ordinary sealed up pre- 
paration, and gave a drawing of the various generations 
(Fig. 64). Under these circumstances thirteen hours passed 
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Farther thorough investigations of yeast multiplication 
under various conditions have been made by Rasm. Peder- 
sen, and afterwards by Hansen, Hayduck and others. The 
method employed in these experiments consisted in counting 
the yeast cells by means of counting chambers. Rasm. 
Pedersen carried out his experiments with brewery bottom 
yeast which had been cultivated in unhopped wort. The 
times required to complete the generation of a cell were, 
for different temperatures, as follows: 20 hrs. at 4** C, 10*5 
hrs. at 13-5° C, 65 hrs. at 23" C, 58 hrs. at 28° C, and 
9 hrs. at 34' C. 

As one might expect, the various species and races 
increase at different rates. This was first proved by Han- 
sen's comparative experiments on Saccharomyces apiculattis 
and some bottom yeast species. These will be more fully 
described later on. In order to characterise species in this 
way it would be necessary to carry out an extremely large 
number of similar experiments ; this has not yet been 
done. 

The vigour with which vegetative increase proceeds 
depends of course on the conditions under which the species 
are cultivated, and the terms energy of multiplication and 
power of multiplication under certain conditions of cultiva- 
tion are employed By energy of multiplication is under- 
stood the number of cells produced by one cell in a certain 
time, and power of multiplication denotes the absolute 
number of cells which one cell is capable of generating. 

Aeration of the culture liquid must be mentioned as one 

of the foremost factors in accelerating vegetative increase. 

Temperature also plays an important part, and as important, 

of course, is the chemical composition of the culture liquid. 

Examples of excellent culture liquids are those in general 

use in the fermentation industry, viz., wort, must, etc The 

lowest temperature at which budding is observed with 

13 



194 FERMENTATION ORGANISMS 

saccharomycetes lies near 0'' and the highest is about W 
C. ; but species differ also in this particular. For example, 
Sacch. Pctstorianus I, and Sacch. Pastarianus II, have con- 
siderably lower minimum temperatures than Sacch. cerevisia 
L The maximum temperature for Sacch, Pastcrian'us L is 
about 34'' C, whilst Sacch, cerevisia I exhibits a vigorous 
increase at 40** C. and Sacch, Marxianus even at about 47** 
C. The above holds for those cases in which the culture liquid 
is the ordinary hopped wort (14 per cent. Balling) as used in 
bottom fermentation breweriea Although the opinion ob- 
tained formerly that top yeasts were able to produce buds 
at higher temperatures than bottom yeasts, this is far from 
being generally the case. There are top yeasts in which 
budding ceases at a much lower temperature than that for 
certain bottom yeasts, e,g,, the top yeast Sacch, Pastoriantis 
III. and the bottom yeast Sacch, eUipsoidetts I. 

When a yeast cell is seeded in a nutrient liquid, it sinks 
to tiie bottom and forms a colony, as we have seen in the 
foregoing; gradually the cells separate from one another 
and form new colonies. The development of carbonic acid 
gas (luring fermentation causes the cells to be carried about 
in the liquid. If it is a top yeast, the cells rise in large 
quantities to the surface and may form there a thick layer 
of yeast on the froth. When fermentation is finished, the 
yeast again sinks to the bottom and there forms a more or 
less solid sedimentary yeast Good brewery yeast usually 
gives a dough-like deposit which lies close on the bottom, 
while on the other hand many wild yeasts give a cheese-like 
sedimentary yeast which either lies on the bottom in crumbs 
and lumps or is partially distributed throughout the liquid 
in a finely divided state. By a certain treatment several 
species may be induced to fonn cheese yeast Single cells 
may, however, after fermentation is over, remain on the 
surface of the liquid and form a Kim there just ae jome 
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develop a yeast ring on the wall of the vessel along the 
edge of the surface of the liquid. 

Film formation at the surface of fermenting liquids is 
a phenomenon of widespread character ; it occurs in many 
different microscopic fungoid forms. As pure cultures 
were not in use long ago, the observations then made 
often related to such film growths as were formed in 
common by several different species, saccharomycetes and 
non-saccharomycetes. The exact study of this subject was 
begun by Hansen, and it was chiefly with the following 
8ix species, to be described later, that he carried out his 
experiments : Sacch. cere vista /., Sacch, Pastorianus /., II, 
and ///., and Sacch, ellipsoideu^ I. and //. The result of his 
investigations was as follows : In order that a Saccharomyces 
growth may form a film, the culture must be allowed to 
remain at recit for a long time with an abundant supply 
of air, the temperature being tolerably high. Now there 
are a few species, eg,, Sacch. anomalus and Sacch. mcvi- 
branafacienSy which form a film at once; the latter, how- 
ever, is the usual form of growth in these individuals; 
sedimentary yeast is seldom or never formed directly by 
them, but only by the film cells sinking. These films are 
also distinguished from those of the typical saccharomycetes 
by their dull appearance, air being present between the 
cells as in a Mycoderma film : films of typical saccharomycetes 
are, on the other hand, slimy. The latter will be treated 
in what follows. 

The microscopic appearance of film cells belonging to the 

same species varies for difierent temporatui'es ; the limiting 

temperatures of film formation as well as the time of its 

appearance for different species at the same temi)erature 

vary also. Thus not only are details given about the mast 

important conditions for the appearance of the film form, but 

also new characteristics of the species. 

13* 
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/., Flo, 66. — Saec^aniKjtfa cfrmtiiT I.. 
Huuan. Film grovth tX \U — 6' (', 
i|>. (After Hbiumi.) 
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With regard to the microscopic appearance of the film 
cells, these are, as a rule, very long shaped in the older 
growths, and the cells tend to assume irregular forms ; now 
and then they also develop a mycelium. Spores are found 
in the film cells as an exception, namely, in that species 
of film formation called the yeast ring. The latter is 
formed, as mentioned above, along the edge of the liquid 
surface on the wall of the fliask and is very marked in 
certain s|)ecies. 

For instances of the varied appearance of the film cells 
in different species as well as when compared with bottom 
yeast, see figures 65 to 76. 

The difference in the film cells of these species is most 
notice^able at 13° to 15° C. 

The highest and lowest temperatures at which film for- 
mation has Ixjen observed by Hansen in the different 
species were given by him in 1886 in the above-mentioned 
treatise. They are as follows : — 

Sacch. cercvisue I. : 33° to 34" C. and 6° to 7° C. 

Sacch. Pastoruinm /., 77. and 7/i. ; 26** to 28° C. and 
3° to 5 C. 

Sacch. ellipsouleus I. : IW to 34° C. and 6° to 7° C. 

Sacch. ellipsoulcua 11. : 36^ to 38° C. and 3° to 5° C. 

As regards iho time required for the development of 
the film, Sacch. eliipsoidcua II. is especially noticeable, this 
species developing a very vigorous film in about ten days 
— often earlier — at 22' to 23" C. The other five species 
require a much longer time. 

Will has shown that the <lifferent generations of cells 
formed in the film exhibit dissimilarities. His results, 
however, cannot be further refeiTed to in a limited book 
like the present. We therefore refer those who desire 
to study these conditions more particularly to his papers 
(1895 and 1899) mentioned in the literature review for 
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this section. With regard to the limiting temperatures 
of film formation for four of the species of beer bottom 
yeasts examined by him, a minimum temperature was 





fM. 77. — Sace^Tvmgcu Luilicigii. HkUMn. Hf celium >nd a|iore foriiiiitiau froin 
wry old onltnrM in cheTiy juios and yeaat water rBapei:tive1y. I. to IV,, 
KjoeU^ or fngmeaU or "uch with broad thii^k septa. V., An irregular, 
bnncbnl inull myovlinin completely devoid of wpta. VI., Mycelinni tbnadu, 
■1m with brmul upti ; in each cell (ainus) 4 spores, ly^. (Af(«r Haniwri.) 

Foond at 4° to 7° C. for two, and at 7" to 10° C. for 
ihe otiier two, while he found the maximum temperature 
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for three species to be near 30° C, and, for the fourth, 
28" C. 

When a growth has formed a film, special chemical 
changes take place in the nutrient. liquid. Thus wort 
usually assumes a light yellow colour under these conditions, 
and develops a disagreeable smell and taste. The formation 
of the film, however, is not always to blame for this, since 
})cer which has stood for a long time, and on which no film 
has appeared, may likewise assume the above properties. 
Acconling to Ra^onann and Kruis, the film cells, if allowed 




Fic. 7H. -Hosting (Vlls GiTininating. (After Will.) 

to i'(?iJiain for a long time, are capable of converting the 
alcohol formed in the ciilturo liquid into carbonic acid and 
water bv oxidation. 

Hansen showed that, under certain conditions, saccharo- 
niycetes can also d<jvelop a myceliuin provided with septa. 
He observed such an one first in Sacch. Marxianus and 
Sacch. Ludwii/ii (Fig. 77), and afterwards in some other 
species. It occui-s chiefly in old films and in old cultures 
on solid nutrient material. A mycelium of this kind then 
frequently shows fonns similar to Deinatium or MonUia, 
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As an example of the influence of temperature on the 
above, an observation made by Hansen may be mentioned 
here, of a culture of Carlsberg bottom yeast No. 1, which 
had been for a long time in a saccharose solution, and 
vrhich gives a mycelium on cultivation in woi*t at a low 
temperature, but not at a high one. Further, all possibh* 
transitions in cell shape can be found from round cells to 
colonies with branched mycelia, consisting of very elongated 
cells. 

Of late years P. Lindner, Will and others have also 
observed such mycelium forms in various typical saccharo- 
mycetes. In addition the resting cells described by Will 
8ometimes form, when germinating, mycelium-like colonies, 
the cells of which are often furnished with septa (Fig. 78). 

These resting cells are to be found both in film and yeast 
ring formations. They have a strong thickened membrane 
which consists of two, sometimes several, layei-s (this can be 
shown by treatment with hydrochloric acid), and are rich in 
glycogen and oil globules. W^ill says with respect to the 
latter that they are soluble in alcohol and become gi*ayish- 
green, later brownish-black by the addition of concentrated 
sulphuric acid, in contradistinction to the fat globules of 
sediment yeast cells which are difficultly soluble in alcohol 
and are not coloured by concentrated sulphuric acid. In 
cultures in which all other cells have died these resting or 
"durative" cells may still be foun<l living. The more un- 
favourable the composition of the culture li^ui^l is for the 
multiplication of yeast the ijuieker are cells turned into 
resting cells. When these germinate, th(» fat globules collect 
in the neighbourhood of the ix)int at which the daughter cell 
is formed, the <[uantity of fat dwindling away as germina- 
tion proceeds. A specially characteristic mode of germina- 
tion consists in the sprouting of club-like or sausage-shape«l 
cells from the resting cells, septa then appearing in the 
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former. Cells with an ordinary thin wall may also keep 
alive a very lon^ time and thus appear as resting cells. 

Colonies foi-med from saccharomycetea on solid nutrient 
substrata also present some marks in their appearance which 
serve to distinguish between species, but by no means id 
every case, and hei-e also we have to reckon on variatione. 
Hansen in his lirst communication on the six spei^es of 




Flu. 70. — Hscubuniiiycctes whiuli form ucnsporax. 1. ^JOfc/i. onvruue /. 2. 
.Vin-A. VaiiiiriaiiHS I. 3. f^ardi. I'tulwiniiiii II. i. faah. PatUtnatua III. 
!,. S.ieeh. f/li/W'iilfi« I. 6. Siirrli. elliiwulriia II. <i, cells with »epU ; ft, 
celU with more thsn normal uuiiiber of npores ; t. cclU with distind indicft- 
ttuiis ofapore farnintioii. Abnut '",'. (Aftsr H&ubsd.) 

Saccharnmyces already mentioned, drew attention to the 
fact that diHerenceH exist auion;r them in this respect which 
may be brought about by the culture medium and by tem- 
perature. He found, for inntance, that Sacch. ellipaoidevs 
I., cultivated on wort gelatine at 2-5° C, is very different 
from the other live species, the surface of the colonies 
assuming a net-like structure ; further, that Sacck. Pas- 
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torianus IL in streak cultures in yeast water gelatine at 
15° C. develops, in sixteen days, colonies with smooth 
edges, whereas the latter are hairy in Sdcch. Pastorianus 
III., under the same conditions of cultivation. Aderhold, 
Lindner and others have made subsequent communications 
on differences among the species in the above respect. For 
this purpose Lindner sows drops of yeast on nutrient gela- 
tine and thus obtains the so-called giant colonies. 

Spore Formation. — Besides vegetative increase by bud- 
ding, saccharomycetes, like all other ascomycetes, form endo- 
spores, the cell being transformed into an ascus (Fig. 79). 
Schwann, in 1839, first observed spores in yeast. They are 
not mentioned again until 1868, by de Seynes, and were 
described for several species by Reess in 1870. The most 
contradictory views prevailed with regard to the conditions 
of their formation until Hansen published his researches in 
1883. For example, the belief up till then had been that 
only enfeebled cells washed in water were capable of 
forming spores, and that the most favourable temperature 
lay near the freezing point, whereas Hansen showed that 
this view was entirely erroneous. He found, on the 
contrary, that spore formation does not, as a rule, take 
place under these conditions, and that young, well-nourished 
cells must be sown if a strong spore formation is to be 
obtained. According to him, further essential conditions 
are: abundant moisture, plenty of fresh air and a com- 
paratively high temperature (for most species yet investi- 
gated, 25** C. is a good temperature). He carried out 
thorough and comprehensive experiments^ particularly on 
temperature conditions; these will be described later on. 
His methods of spore culture are described in Section XL, 
p. 121. 

There are species of which the young cells form spores 
under almost all conditions of cultivation, even under such 



204 FERMENTATION ORGANISMS 

conditioii« aa are very unfavourable for the majority of them. 
A growth consisting of old ceils gives a leas vigorous spoiv 
formation ; if the growth is very old it does not sporuUte 
at all, 

QuiU^ recently Hansen made additional researches on 
this point, and has, among other things, defined the ditfer- 
eace between spore formation and budding. The result of 
these inveMtigatioiia is comprised in the following : If young, 
vigorous cells are brought into a thin layer of water to 
which air has free access, colonies are formed (even if all 
the culture liijuid has been removed from the cells) at first 
by l>uil(litig : hereafter spore formation takes place, begin- 







Klii. ^0. -S-'i'rJ-in'mi/i-ri' mrriini' I.. Hauoen. Sporea si oommeuccniBnt nf 
ICvrntiimltDii. VDnimtinii ol n sr|itiiin may be seen rA a. d, t and g. In f,l 
niKl :i Ilir WJiUs ni the mother QtWs have bant : g aliowg a wptuoi formed hy 
llir L-oalewiiiK »< tlimt Himrvs into a tliree-winged apore liody ; the «uc1o»ng 
wall iif Ihp latltT K liurst in tlirev iilnocH. u>,<>c. (After Hansen. ] 

niiig lifst ill the mother cell and extending from this to the 
younger nnjinbciN of th<r colony. After several days spores 
ail' geiierjilly also fimnd in the youngest cells, *.&, such cells 
OS have not [>ut forth bmlN. It may be seen from this that 
tlie yrast ci^ll ciin pfoduce spores dirtsctly without previously 
forming buds. Tiiis also happenetl when cultivating a wine 
yeast in a solution of calcium sulphate. But the moat re- 
markubh^ fact brought out bv Han.s(!n in this connection is 
that thi! s[)arc itself can occtir as a spore mother cell. This 
happi-ns when the si>i>re, after lM;ing a short time in a 
cultiiiv li(|ni<l eontaining sugar, has swelled up and is then 
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transferred to an aqueous solution of calcium sulphate. 
No buds are then produced, and instead spores are formed 
in the interior of the swollen spore. 

Spores, like vegetative cells, consist of a membrane 
virhich encloses protoplasm and a cell nucleus. They have 
the same soft consistency as the latter, but possess greater 
power to resist drying, heating, etc. Their shape is varied ; 
they are most frequently spherical (e.g., Sacch. cerevisice 
L, Figa 79 (i). 80, 81, 82 and 89), with greater or less 
tendency to an ellipsoidal shape ; in particular species they 
are kidney-shaped (e.g.y Sacch. Marxianus), in others " hat- 
shaped " {e.g., Sacch. afwtnalus, Figs. 83 and 102), i.e., shaped 




Fio. 81. — SaceharomyceA certvinia: /., Hansen. Germination of old spores. ^^^. 

(After Hansen. ) 

like the segment of a sphere with a projecting rim round 
the edge. In some a highly refractive body is found in the 
middle of the spore (eg., Sacch. hyalosporus). The number 
of spores in a cell varies from one to eleven (Fig. 79). 

Hansen found that there was a difierence l)etween 
culture yeast and wild yeast in the structure of the spore 
plasma. The spores of culture yeast appear to be empty, 
while, on the other hand, the spores of wild yeast are 
strongly refractive. This difference is of importance in 
the analysis of brewery yeast, although the details have 
not yet been specified. 

An appearance often observed in the spore-bearing cell 
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LB the growing together of the spore walls, a septam being 
thus formed (Fig. 80, g). The cell can thos be changed into 
a many-winged spore body, its walls forming one unit. 
Sometimes also pseudo-septa are formed between the sporee 
by the latter compressing the plasma which lies between 
them (Figs. 79, a, and 80, a, d, e). 




Fic. Wl,- SacrharomifreH rerecuHM /., Hansen. Gkrininating spores. The series 
>-■/"" was cultivated on wort gelatine, the others in wort Temperature 
ahout 20'^ C. ; n and h dried .some time beforehand, l^rae data reckoned from 
1»egiiuiiug of experi-1 ent. a, Thn^e .spores connected, no mother*cell wall; 
ti' after 19 hrs., u" after 22, a'" after 30. 6, A cell with faur spores ; b' after 
18 hrs. r, A cell with four spores ; c' after 9 hrs., c" after \0\, rf, A cell with 
tliree spores; ./' afU^r lOA hr.^., //"after \3, </"' after 17, d"" after 21, d'"" 
after 2,'». e, A cell with two spores ; f'-e'"" after 7^, 8J, 11, 20 and 50 hrs. 
respectively. ./" and //. Two cells with spores ; ,r, (f after 22 hrs., f*\ g" after 
25. U , A cell with two sjK^res ; //'after 9 hrs. , //" after 13 ; in h" the wall between 
the two spores has disappeared, an«i both have grown into one. ^^^K 
(After Hansen.) 

Spores free themselves from the mother-cell by swell- 
ing up and Ciuising the wall of the njother-cell to burst. 
Hansen found the following two types of germination : 
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First type : germination takes place like ordinary 
budding, and can occur at any point of the surface of the 
spore (Fig& 80, 81, 82 and 83). 

Sometimes it begins while the spore still lies in the 
moihet-celL Septum formation usually takes place. 
Sometimes, when the spores grow together, one takes 
nourishment from the others, and accordingly acts as a 
parasite. Examples: Sacch. cerevisice I. (Figs. 80, 81 and 
82), Sacch. Pastorianus /., //. and ///., Sacch. ellipsoideus I. 
and //., Sacch. anomalua (Fig. 83). 
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Fio. 83. — Saecharumjfcea anomalua^ Hansen. Spores gerininatiug from an old, 
partially dried gypsum block culture. Cultivation took place in dilute wort : 
a at 28^ C, b and e at 28° C. a'-a"" after 7, 12, 15 and 20 hrs. respectively ; 
6'-*"'" after 10, 21, 24, 25 and 27 hr». respectively ; r* after 8, r" after 10, and 
c"' aftar 21 hrs. > y. (After Hansen. ) 

Second type (Figs. 84 and 85): Two or more spores 
generally grow together in the very first stages of germina- 
tion, yet old spores are able to germinate individually 
without growing together. Germination begins with a 
wart-like or sausage-shaped lengthening which grows on 
and often occurs as germ threads or bunchea Only from 
this promycelium is the development of the yeast cells 
effected later on, a partition wall being first formed between 
the promycelium and the young yeast cell ; the latter is de- 
tached by fission of the wall. Example : Sacch, Liulwigii 
(Figa 84 and 85). 
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By far the most Haccharomycetes belong to the first 
type. 
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Kii;. H\.- -Strrhiirnnii/crs Lmfidijii, Hansen. Germiiiation of spores from a 
gypsum Mock culture : a, h and c were 12 days old at 26® C, rf, e,/ and (/ 
were H months oM at the room temperature. The cultivation was made in 
wort, f( at 25 (\, the others at IS" to 20'' C. a, A cell with four spores ; a' 
alter 8 hrs. , a" after 25, a'" alter 26. h, A cell with four spores in two 
«;roui>s ; // alter 9.V hrs., //' alter 12. c, A cell with four spores in two groups ; 
/•'-r'"" alter 12, 15. 20, 24 and 27 hrs. respectively, rf, Two free spores: 
//'-//""'" alter IS, 20, 2t), 28, 2i», 30^ and 33 hrs. respectively. /, Four free 
sjx)re.s ; /' after 19 hr.s. *///, A group of three spores, of which the two lower- 
most, /<, were connecte<l, but are separated from one another by fi.ssiou : the 
uppermost -^pore, 5/, has separated it.self in the same way from a fourth spore ; 
//'//' after 17 hrs., J/"//" after 21, //"//"' after 23. f/""/*"" after 26^, /""after 28. 
The lowermost sjjore in this group did not develop. J^^^, (After Hansen.) 

Just as HaiiHon's investigations on Him formation have 
been incorporated in the system of yeast analysis, so also 
have his above experiments on spore formation been fruitful 
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as regards important characteristics for distinguishing groups 
and single species ; he based on this his method of analysing 
brewery yeast described in Section II., p. 134. It was found, 
first, that in different species at the same temperature spores 
begin to form after different time intervals, and, secondly, that 
the temperature limits of spore formation are different for 
different species. Hansen thus determined the spore curves 
for six species by observing for a series of different tempera- 
tures the times at which the formation of spores first began. 
The cardinal points, viz., the maximum, optimum and mini- 
mum temperatures, have special significance, and of these 
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Fio. 85. — iSaeckaromyces Lttdvngii, Hanseu. Germination of spores from au old 
gypsum block culture. The germination took place in dilute wort, a and b^ 
Groupe of spores in which each spore has developed its own germ thread, a 
represents the first stages of germination, b a further development ; in the group 
r various forms of coalescence may be seen. St^ to ^\s*, (After Hansen. ) 

particularly the first and last. The two following examples 
may serve as illustrations of such spore curves : — 

Sacch. cerevisue I. 
At 87}° G. no spores develop. 

86-87° G. first indicatioDS appear after 29 hours. 
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14 





210 FERMENTATION ORGANISMS 

Sacch. Pa9torianus L 
At SH° G. no spores develop. 
„ 29i.dOjf'' C. first indicstions appear after 80 hours. 
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M i° C. no spores develop. 

Other investigators have published similar curves for 
other sjxicies. Those fj^veii by Will for four species of 
})ro\very lx)ttoui yeasU* are especially noteworthy and will 
be considered more fully in the systematic description. 
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Vui. M). - -.^^7/ ir.n.-iorrharnHu/rf.'i itctnsponis^ Beijerinck. Foniiatiou of the ascus. I., 
a round cell shortly l»efore the formation of the septum. II., III., IV., V. 
iiml VI., aft«^r 1, 3, 6, 10 and 17 hrs. respectively. The times are reckoned 
from thf conuiientenu-nt of tin* observation. J^Y** (After SchiSnoing.) 

It niav be seen from the above two series of numbers 
that spore formation pnjceeds very slowly at low tempera- 
tures, but more (luickly as the temperature rises until a 
certain point, namely the optimum, is reached, after whicli 
8poi*e foi'maticm proceeds the more slowly the nearer the 
maximum temjieratun* is approached. 

Hansen's experiments on the effect of temperature led 
him to state the general law that the maximum temperature 
for the formation of spores in Saccharomycetes always lies 
several degrees lower than that for bud formation and the 
minimum temperature a few degrees higher. He determined 
the temperature limits for budding and spore formation in 
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eleven species. In these species the maximum tempera- 
tures for budding lie between 47° and 34° C, the minimum 
temperatures between 3° and ^° C, the maximum tempera- 
tures for spore formation between 37° and 28° C, and the 
minimum temperatures between 11° and 3° C. Those species 
which have the highest temperature maxima for budding 
and spore formation have the same also for film formation. 

Schionning has observed a peculiar mode of ascus forma- 
tion, in a single species belonging to the genus Schizosac- 
charomycesy viz,, Schizosacch, octosporus. 

This takes place in the following manner : The cell I. 
(Fig. 86) enlarges in one direction and forms a septum (II.). 
After a certain time fission takes place. The two new cells 
now lie either touching one another or connecte<l together at 
one point (III.)« I^ & further stage both cells gradually 
coalesce so as to form a cell shaped like an hour glass (IV.). 
The cell grows and the hour glass shape disappears (V.) ; 
finally it assumes an ellipsoidal shape and the ascuH is 
formed (VI.). The spores are then formed in the latter. 

4. — The Chemical Constituents of the Cell. 

The cell membrane consists, according to Casagrandi, 
probably of pectose or perhaps of an analogous pectin sub- 
stance, and the chief constituents of the protoplasm consist 
of albuminoids. Glycogen and fat are frecjuently present 
in large quantity. 

Errera (1885) first showed that yeast cells contain gly- 
cogen. Kayser and Boullanger found that, with a plentiful 
air supply, there is always less glycogen formed than with 
a small air supply. The greater the amount of sugar present 
or the weaker the acidity of the substratum the more gly- 
cogen is formed. Large doses of tartaric acid are said to 
be very eflfective in preventing formation of glycogen. 

Otherwise the constituefits of yeast cells are substantially 

14* 
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tnembrcmcgfaciens. Of the sugars, dextrose, d-mannose and 
d-galactose are fermented directly, the others only after 
previous hydrolysis by means of enzymes. E. Fischer has 
recently, by his chemical researches, made important con- 
tributions towards the solution of these difficult questions. 
Whereas formerly only one enzyme was known to be 
present in yeast, viz.^ invertin or invertase, which has 
the power of breaking up saccharose into dextrose and 
fructose, and melitriose into melibiose and fructose, Fischer 
found (1894) another enzyme, viz.y yeast glucase or yeast 
maltase, which turns maltose into dextrose. The reason 
why this enzyme was not discovered sooner may be ex- 
plained by the fact that it cannot be extracted from the 
uninjured yeast cell. According to Fischer this conver- 
sion of maltose into dextrose goes on in the interior of 
the yeast cell. A third enzyme, which is found chiefly 
among species of bottom yeast, is melibiase, which breaks 
up melibiose into dextrose and galactose. It follows from 
Fischer's investigations that hydrolysis precedes all fer- 
mentations of polysaccharides, and that the action of yeast 
on sugar is of a purely chemical nature. He further states 
the following law : For a yeast to be able to attack a sugar 
the stereo-chemical structure of the albumen molecule of the 
yeast cell must not differ to any great extent from that of 
the sugar molecule. 

These discoveries preceded those on the alcohol-forming 
ferment by E. Buchner (1897), who gave the latter the name 
zymase. By subjecting the yeast to great pressure he 
succeeded in obtaining a juice which was able to cause 
fermentation in sugar solutions. 

The enzyme lactase, which breaks up lactose into 
d-galactose and dextrose, seldom occurs in saccharomycetes. 
Only those yeasts which contain this enzyme are capable 
of fermenting lactose. Duclaux (1887) was the first to 
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find a yeast which ferments lactose, and later investigators 
have since described others. But in most cases it cannot 
be decided whether these are typical saccharomycetes, as 
it is not stated whether the species form spores or not. 
Jorgensen has (juite recently described a species of this 
kind, Sacch. fragilis. 

Besides the above sugar-transforming ferments, sac- 
charomycetes also contain a ferment similar to trypsin, 
which can peptonise gelatine, the latter substance being 
liquefied in the process. This may be observed when yeast 
cells are seeded on culture gelatine and the culture has 
attained a certain age. This proteolysis, as it is called, of 
yeast varies in different species. A study of it has been 
made by Beijerinck, Wehmer and Will. 

One of the most constant characteristics of the sac- 
charouiycetes is the enzyme content. A yeast species cannot, 
as Dubourg states, be brought by culture to such a state as 
to ferment a sugar which it could not previously ferment. 
It is also impassible by any treatment to cause the various 
species to lose those enzymes which they contain. The 
cell can, however, by means of a certain nutrition, be made 
to ferment more or less of a particular sugar. The author 
has carried out experiments on diflerent yeast species, 
following Dubourg's method of procedure, but always with 
negative results. 

Influence of Air and Temperature on Fermentation. — 
Among the factors which exert a considerable influence on 
the progress of fermentation, besides that of the chemical 
composition of the li(|ui(l, those of temperature and the 
amount of oxygen present in the liquid may be mentioned. 
The usual limits of temperature within which fermentation 
may take place at all are 0"* and 40° C. This much is 
known of the effect of oxygen on the progress of brewing 
in practice — that, in order to get a good result, it is a 
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ity to aerate the wort, i.e., to let it take up oxygen 



.j.^ the air. Pasteur's researches on this subject led him 

^^t Mate the theory that fermentation is life without air 
nd that yeast can only decompose sugar by taking the 
locoooar y oxygen from the sugar molecule. His theory 
smB, however, proved to be wrong, as we have seen. He 
foand that by supplying oxygen multiplication is favoured, 
^likit fermentation is restrained, and further that wort takes 
.ttp oxygen from the air in two ways, viz., partly by form- 
".iaOig a mechanical mixture with it and pa^rtly by entering 
•into chemical combination with it. A deeper insight into 
yithit influence of aeration on fermentation in breweries could 
only be obtained by the study of pure culture species 
mid races, for, as Hansen's investigations in brewery 
practice have shown, they behave differently with respect 
to oxygen (see, for instance, his experiments on Carlsberg 
bottom yeast Noa 1 and 2). Eorfi* recently obtained similar 
results. He experimented on the three yeast races Saaz, 
Frohberg and Logos, cultivating them in a 10 per cent, 
solution of saccharose with an addition of yeast water or 
Hayduck's asparagine solution. By passing in air, oxygen 
and hydrogen respectively, the three species then showed 
very different behaviours as regards their energy of fer- 
mentation, fermenting power, energy of multiplication and 
power of multiplication. 

In this respect there are three things which must be 
considered, viz., the chemical condition of the wort, the 
effect of aeration on the yeast species in question, and the 
demands which the finished product must satisfy. Every 
brewery must therefore find out by trial that method of 
aerating the wort which gives the best result under the 
prevailing circumstances. There are no definite general 
rules for this. Hansen mentions a remarkable experiment, 
which showed that wort can be in such a condition that it 
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need not be subjected to the usual aeration in the brewery, 
which was formerly considered quite indispensable to obtain 
a goo<:l fermentation and a clear beer. But such a chemical 
condition of the wort is very exceptional. The experiment 
was made on Oarlsberg bottom yeast Noe. 1 and 2 in 
ordinary lager beer wort. The variation thus caused in the 
yeast cells will be treated later. 

In course of time many investigations, practical and 
theoretical, liave l^een made into this behaviour. As an 
example of the former, the experiments of Anton Petersen 
in the old Carlsberg brewery on Oarlsberg bottom yeast 
No. 1 may be cited, the result of which was that tho8e 
brews which contained a large amount of oxygen showed 
oil an average a greater attenuation after the primary 
ferin(Mitation than those which contained less oxygen. 

The numerous theoretical investigations which have 
been iinclertaken since Pasteur (e.g., by Nageli, Rasmus 
Pedersen, Hansen and others) on the ettect of aeration on the 
yeast cell and on fermentation, show that aeration exercises 
a favourable intluence on the total energy of the yeast in 
consequence of the increase of the multiplying power, but 
that, under these circumstances, the individual cell forms 
less alcohol than when no aeration takes place. Hansen 
found further, that when the yeast cells have free access to 
the oxygen of the air, or (jven when surrounded by it, they 
can yet produce an active fermentation, an observation 
which contradicts the theory of Pasteur mentioned above. 
The latter also holds for the experiments of Adr. J. Brown, 
Giltay and Aberson. Brown observed that a plentiful 
supply of oxygen increases the fermentative activity of the 
single cell, even when the cells are in such circumstances 
as prevent multiplication. 

Excess of oxygen slows the fermentation if the yeast 
has already reached the maximum of its multiplication, or 
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if the nutrient solution was charged from the beginning 
with a quantity of yeast exceeding the maximum amount 
<Prior). 

Finally, it may be added that when aeration is so strong 
AH to cause a violent commotion, its influence then becomes 
disadvantageous, and very markedly so with defective 
nutrimental conditions and yeast species of small ferment- 
ing power (Buchner and Bapp). 

Energy of Fermentation and Fermenting Power. — 
By activity or energy of fermentation is understood the 
intensity with which a yeast can decompose a sugar within 
a certain time. It of course varies in the different yeast 
species. Prior has determined it for some species by 
Meissl's method ; the latter consists in noting the weight of 
carbonic acid which is liberated by 1 gram of yeast from a 
sugar solution of a certain composition ^ in six hours at 
30° 0. According to Meissl, a normal yeast is one which 
liberates 1*75 gram of carbonic acid gas under the above 
conditions ; the energy of fermentation of this is then put 
down as 100. Prior found the following values for the 
given species : — 

Garlsberg bottom yeast No. 1 . . 13640 

„ No. 2 . . 10613 

Sacch. Pastorianiis I. 155 '48 

,, IL 280-72 

in. 202-20 

„ ellipiioidem I. 28576 

//. 21903 

Permeability of the Cell Membrane. — Since the trans- 
formation of the sugar into fermentable sugar takes place in 
the interior of the cells, the energy of fennentation is thus 
also a measure of the permeability of the cell wall (Prior). 
This varies accoixiing to the age and condition of the cells, 

' 4*5 grams of a mixture of 400 grams of candy sugar, 25 grams of 
ammonium phosphate and 25 grams of potassium phosphate are dissolved 
in 50 C.C. of tap water. 
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and depends, besides, on the power of the latter to form 
fungous mucilage, since the permeability diminishes the 
more this substance is given off The permeability varies, 
of course, with the different kinds of sugar. For instance, 
Prior obtained the following result for Carlsberg bottom 
yeast No. 2 : — 

Saccharose. Dextrose. Fructose. Maltose. 

106-13 87-09 78-67 69-71 

It ma\' be seen from this that saccharose had the greatest 
diffusing power. 

Products of Fermentation. — Besides ethyl alcohol and 
carbonic acid gas, the saccharomycetes form, during ferment- 
ation, other substances also, although in smaller amounts, 
viz., glycerine and succinic acid. Zopf discovered a species, 
Sacch. Hansenii, which forms oxalic add. Raymann and 
Kruis liave proved that, under certain conditions, the cul- 
ture yeasts employed in the manufacture of spirits fonn 
amyl alcohol. In addition to these, volatile organic acids 
are formed, ejj., acetic acid and volatile, ester-like bouquet 
substances. The quantity of these substances varies accord- 
ing to the conditions under which the fermentation takes^ 
place, and their cjuality also varies in the different specias 
ancl races, so that the product formed by the latter is 
extremely variable. Having regard to this, the necessity 
urged by Hansen for the systematic selection of races in 
practice will be recognised. According to Prior, the wild 
yeast species {Sacch. Pastor lanns /., TI. and III., Sacch, 
cllipsoideus I. and //.) form larger amounts of volatile than 
of fixed acids, whereas with culture yeasts the opposite 
is usually the case. The ester-like substances produce a 
strong taste and smell in the finished product, even when 
present in small (quantities, these substances, which the 
various species produce, being widely different from one 
another. Thus Sacch. anomaliis brings out a strong taste 
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'•4 smell of fruit ester, while some of the disease yeasts 
'ittovered by Hansen develop a very strong bitter taste 
/lA disagreeable smelL 

There are formed in wine, by the different wine yeasts, 

volatile compounds which Wortmann calls secondary 

CMiquet substances (fermentation bouquet), and which are 

^e substantial cause of the special taste of wines from 

%articular places. These by-products are therefore of no 

.^ttle importance. 

Many yeasts are capable of a reducing action, forming 
^Aolphuretted hydrogen when sulphur is present during 
y fermentation. Other species are able to form sulphurous 
.iMnd in must (B. Haas, W. Seifert) and also in wort 
^ (Schwackhofer, Will). Many wine yeasts have an acid- 
consuming action (Schukow, Wortmann), gradually using 
r up the organic acids present in the wines. (Cf, W. Seifert's 
researches mentioned later on.) 

Auto-Fermentation. — When thick liquid yeast is set aside 
at a favourable temperature, it may be seen that, although 
no culture liquid is present, alcohol and carbonic acid gas 
are formed. This phenomenon is called auto-fermentation. 
It takes place through the yeast transforming its self- 
ooDtained food stuffs. According to Lintner, the glycogen 
in the yeast cell is, in auto-fermentation, apparently turned 
first into sugar, and this then fermented into carbonic acid 
and alcohol. During auto-fermentation yeast gives off a 
smell, more or less strong, of fruit ether, which probably 
arises from esters of the higher alcohols. 

Yeast Types. — In fermentation industries various yeast 
species occur which exhibit different actions during fermen- 
tation. We shall now consider yeast types from this point 
of view. The intensity with which the sugars are attacked 
by the yeast species varies, as we have seen. At the very 
beginning, when Hansen introduced his pure culture system 
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into the brewery, he proved that there was a difference 
in this respect between the two brewery bottom yeasts 
named by him Carlsberg bottom yeast No. 1 and No. 2. 
Several such types were found later ; the Berlin station has 
established the following three, vu,, Saaz, Frohberg and 
Logas. These are thus characterised by Prior : The Saaz 
yeasts in a fermentation leave unfermented most achroodex- 
trin III., and consequently also more maltose than those of 
the Frohberg type, which again leave more than the Logos 
yeast. Prior, however, does not recognise the Saaz and 
Frohberg types in the physiological sense of fermentation. 
According to this author the same degree of fermentation ia 
finally reached with both, if the fermentation is conducted 
under the most favourable conditions (large yeast supply, 
high temperature, strong aeration). 

Top fermentation is one in which the froth on the sur- 
face is often covered with a thick layer of yeast ; in bottom 
fermentation this layer is never thick, and is sometimes 
entirely al).sent. In typical top and bottom fermentations 
this, the really only noticeable point of difference, is very 
prominent. Various investigators have attempted to find 
definite pronounced characteristics for each of these groups; 
but just an there are species which, with respect to the 
phenomenon of fermentation, stand between both cate- 
gories, so is it also with those properties which have been 
classified as special characteristics. A. Bau considered he 
had found a distinctive property of the bottom yeasts in 
the fact that they completely ferment melitriose (raffinose), 
whereas top yeasts are unal)le to do this. The test applies 
generally, so far as his own experiments go, to forms 
included under Sacch. ccrevisUe ; but recent experiments 
by himself and by Schukow have shown that most 
of the typical bottom yeast forms among the wine yeasts 
Ciinnot completely ferment melitriose, and the above char- 
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acieristic has thus undergone a considerable limitation. 
The action is therefore as follows : The enzyme in- 
vertase present in yeast decomposes the melitriose into 
melibiose and fructose ; the top yeasts especially are only 
capable of fermenting the latter of these (Bau). On the other 
hand, most bottom yeasts contain the enzyme melibiase which 
breaks up melibiose into dextrose and galactose, both of which 
are fermented by most bottom yeasts (E. Fischer). 

Sometimes a bottom yeast may for a time exhibit feeble 
signs of top fermentation (Hansen, Kiihle). In this respect, 
therefore, no absolute boundary can be drawn between top 
and bottom yeast. It is certain, however, that no one has 
hitherto been able to transform a typical top yeast into a 
permanent typical bottom yeast, and vice versa. It used to 
be a general belief that by the cultivation of a top yeast 
at a low temperature it could be transformed into a bottom 
yeast. But Hansen has cultivated such typical top yeasts 
as Sacch. cerevisue I. and Sacch, Pastorianus III. for several 
years at a temperature of 5° to 7° C. without anything 
happening except that, as one might expect, the fermentation 
was feebler ; but as soon as the cultivation was continued 
again at a high temperature, the signs of top fermentation 
became as prominent as before. Conversely, Hansen has 
cultivated typical bottom yeasts such as Sacch. Pasta rian us 
/., Sacch. ellipsoidem I. and IL, Carlsberg bottom yeast No. 
1 and No. 2, and several others for years at ordinary room 
temperature, t.c, at a temperature considerably higher than 
that usually employed in bottom fermentation breweries, 
without any signs of top fermentation ever appearing. In 
earlier times the view was held that if a bottom yeast was 
allowed to form a film, it was then turned into a top yeast. 
Hansen has shown, by exact experiments, that this also is 
entirely false. 

Culture yeasts is the name given to such yeast species 
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as have for long been cultivated in fermentation indu8trie8, 
though only recently in a systematic manner and under 
a certain amount of control. As the consumption of beer 
is now extremely widespread, culture yeasts will, of course, 
l)e met with in nature ; most yeast species, however, which 
occur eitlier on fruits or in the earth belong to so-called 
wild yeast species. Culture yeasts are, like wild yeasts, 
partly top yeasts and partly bottom yeasts. Their use 
depentls on certain special qualities for which they are 
prized, r.f/., in breweries, when they give a stable beer, a 
go<Hl claritication, a particular flavour, etc. A yeast which 
^ives a stable beer must not only multiply comparatively 
.slowly in the finished beer, but must also be able to suppress 
rival yeast^s during fermentation. The immediate cause why 
certain spt^cies are more pre-eminent in the latter respect 
may, in some cases, be sought in the fact that they can fit 
themselves to nutrimental conditions, and especially can 
assimilate oxygen more powerfully than their rivals; in 
other cast's it is due chiefly to them giving off* substances 
<hnin^ nniltiplication which act as poisons on the intruders. 
Sine<» the demands made reganling taste and other (quali- 
ties vary so wi<l<*ly the choice of available species and races 
must necessarily adjust itself acconlingly, whether it be for 
wine maniit'actun^ or for breweries, distilleries or pressed 
y«'ast factories ; thus the number of species and races intro- 
duce<l into practice continually increases. In the first two 
branches of in<lustry the demands are more for clarification, 
taste, smell an<l stability : in the latter a large production 
of alcohol and <^reat multiplying power are more particularly 
sought. 

(). — Injuriouii and Stiinnlatbuj Inthience of Chemical and 

Pit i/s ical Fact or a. 

Influence of Chemical Factors. — With saccharomycetes, 
as with all other organisms, the decomposition products act as 
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"'^^^ poison to the organism in question. Here it is the alcohol 
-'^kMrmed, and the organic acids, among other things, which 
^ exercise an injurious influence on their growth. The dele- 
'^^erious effect of carbonic acid, however, does not appear to 
f'f'^he great. 

>f As regards the action of organic acids, the experiments 
y of Hansen on the effect of tartaric acid have already been 
19 mentioned (see p. 135). He found that beer yeasts die ofl* 
y very quickly if they are cultivated in a sugar solution to 
• which tartaric acid has been added, an effect not produced 
f <m wild yeasts. 

The stimulating effect of antiseptics on yeast has been 
^udied by earlier investigators, e.g., by Biernacki and Schulz 
(antiseptics in general), by Hayduck (sulphuric and lactic 
^acids) and by Heinzelman (salicylic acid). Agents were 
ihxiB found, by means of which not only could the develop- 
ment of bacteria be prevented, but the energy of fer- 
mentation also increased. Now and then experiments in 
practice were also instituted. In this direction Effront has 
quite recently recommended the use of fluoridea Hydro- 
:fluoric acid is, however, a strong poison for yeast which can 
hardly withstand 1 to 2 grams per hectolitre ; but, by 
adaptation, the dose can be raised to 200 grams. A yeast 
habituated to such large quantities of hydrofluoric acid 
possesses indeed but feeble powers of budding, although it 
has great fermenting power. The method is only applicable 
in distilleries. According to Holm and JOrgensen's experi- 
ments, this addition of fluorides hastens the development of 
Mycoderma, and, at the same time, Bacterium aceti is not there- 
by destroyed. In mixtures of brewery yeast with wild yeast 
the same authors state that the development of the wild yeast 
is favoured, the effect being thus the same as that of tar- 
taric acid. This method also is, therefore, quite inapplicable 
to the ** purification " of beer yeast. 
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Sulphurous add, corroflive sublimate and several other 
substances are likewise strong yeast poisons. Thus alco- 
holic fermentation is, according to Tabe, prevented by the 
following solutions : Phenol 1 : 200, resordn 1 : 100, pyro- 
gallol 1 : 50. Bokomy gives : sulphuric add 1 : 5,000, potas- 
sium hydroxide 1 : 5,000, potassium permanganate 1 : 10,000, 
chlorine 1 : 10,000, and iodme 1 : 10,000. Siebel found that 
if beer is treated with a solution of formalin (40 per cent 
solution of formaldehyde) in the proportion 1 : 10,000, 
neither yeast, Mycod^rma nor bacteria develop ; in solu- 
tions of 1 : 50,000, yeast and Mycodenna develop but not 
lyacteria. 

Influence of Physical Factora. — As regards the influence 
of physical causes, yeast cells do not usually withstand 50° to 
iW C. nioLst heat, but die off between these two temperatures. 
Hansen found that strong young cells of Sacch, ellipsaideus 
II. (lie after Kve minutes*^ heating in distilled water at a 
temperature bi»tween 54° and 56° C. Old cells of the same 
wpecies could withstand a temperature of 60° C. for five 
minutes under the same conditions without being kille<L 
Quite ripe spores of the same species, which had been par- 
tially dried on a <^ypsum block for about a week, withstood 
five minutes heatintj; in water at 62° but not at 66° C. 
Similar exj)<*rini(^nts were made with Sacch. cerevisia I. : 
strong youn<i; cells could withstand five minutes heating at 
52"' (-. under the same conditions, but not at 54° C, and 
spon's treated in the same manner as those of the foregoing 
species could withstand five minutes heating at 58°, but not 
at 02 (•. Y'east cells are said to be able to stand cooling 
down to ~ VW C. for about 200 hours, and it is known 
from experiments in breweries that yeast cells can remain 
frozen in ice for months at a time without being killed 
(Prior). 

Drying and the efiect of temperature are related to 
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**tae another. Experiments by Hansen and others have 
^<ttiOwn that yeast cells die comparatively quickly when 
wa^Iried up, and that this occurs in nature, e.g., when the cells 
=± >UPe on the uninjured surface of fruit. Under these circum- 
-^dstanoes the spores have a somewhat longer life than the 
iKTt^egetative cells, but the difference is not great. By a suit- 
able treatment, however, life can be preserved in the dried 
; -odl for a long time. This will be mentioned under the 
5 1 heading following, 

^ The injurious effect of violent shaking on yeast cells has 
^^ already been touched upon (p. 217). 

Experiments on the effect of light have been made from 
^ time to time by various investigators. Kny used as the 
^ aource of light five flat gas flames, and carried out his 
f experiments on pressed yeast (Sacch. cerevisia) which was 
placed in an artificial culture solution in flat crystallising 
dishes and at the same temperature, part exposed to the 
action of light, and part set away in the dark. The heat 
£rom the source of light was removed by means of water. 
He arrived at the result that the budding of Sacch, cerevisia 
takes place in this moderate light with the same activity as 
in darknesa Marshall Ward remarked a destructive effect 
of light on the spores of Sacch. pyrifonnis. Lohmann made 
experiments with intense light (arc lamps and sunlight) and 
excluded the heat radiated from the sources of light by 
means of water cells. A distillery yeast, called Race II., was 
seeded in wort gelatine on glass slips and for eight hours 
at constant temperature part was subjected to light from 
the arc lamp, and another part was set away in the dark. 
For high temperatures (i.e., above 18°) it was found that 
budding was retarded in the cultures subjected to the light. 
The same yeast was also seeded on agar-agar plates in Petri 
dishes, a part exposed to sunlight and another part kept in 

darkness. Illumination for several hours in this case killed 

15 
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thf yeaRt Ditfuacd daylight also had a retarding mttuew 
on bu<ldin{^, but only after prolonged action. It resohii 
fn>ni experiments with S4Mcch. Pasiorianus I. that thisspeoi 
))as ^^HMter reHirtting power than the above one against ilie| -j 
rtfrct of light, both from the sun and from the arc lam{i 

It haH long been known in the brewing world th&t beff 
is s<*n.sitive to light in a high degree. Special experimenti 
on tliis point were made by Xey, Beck and W. Scholoe. 
'V\\r t{urstion put before one here is whether the diaagreeabk 
siiit'U and tantis which beer gets when exposed to sunligb, 
nii^riiiatfs in the effect of light on the yeast or on the beer 
itsi'lf. At the time when the first two named carried onl 
tht'ir t»xjH»,rimentH (1878 and 1882), Sacch. exiijuu4 WM 
always looktMl upon as the cause of everything that wenl 
\vi*on;r, and it was found, in concordance with the above, 
that in thost* flasks least protected from light, and the con- 
ivntH of which had therefore acquired a very bad smell and 
t4ist<', there w^as a more or less copious development of 
*' abnormal ywist c(»lls," which they set down as the above- 
naniiMl sj>ecies without further ado, and also of lactic add 
Iwu'tt^ria. From this it would seem then that light wis 
the cause oF tin* ^ood beer yeast, with which the beer 
was treated, hein^ restrained and the supposed Sacck. 
eu'iiiuus l)ein<^ furthered in its development. But from the 
communieations it appeal's rather to have been Sacch, 
Pastorianus I. or an allied species, and since the latter shows 
a greater power of resistance to the etfect of light than 
Sacch. ccrevisue, as we have seen from the above experi- 
ments of Lohmann, it is not impossible that this species 
was responsible for the disagreeable smell and taste in the 
cases cited, since the action of the light in the experiments 
was very prolonged (three weeks). But it is not yet clear 
what the role played by the yeast cells in these undesirable 
transformations really is. 
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■=' — "Vitality of Yeast in Nutrient Solutions and in the Dry State. 

'^ Hansen's researches have likewise furnished explanations 

*{ the vitality of saeeharomycetes in nutrient solutions. 

^Tie results were the following : The best preserving liquid 

^iwr these fungi is, as stated in Section II., a 10 per cent. 

VV>lution of saccharose. In the course of more than twenty 

arears' observations, and in experiments with forty-four 

^ipecies and varieties, the only ones which died in this 

elation were Sacch, Lvdwigii, Carlsberg bottom yeast No. 2, 

and its asporogenous variety, in several cases, however, 

cmly after some years, and, indeed, only some of the 

growths; as regards all the other species and varieties no 

dying off was observed, although the majority of them had 

been sixteen to seventeen years and several of them more 

than twenty years in the sugar solution The behaviour of 

saeeharomycetes is essentially different in wort, and here 

great irregularities prevail. In one case the same species 

died frequently in five months, in another it still lived after 

twelve years ; usually death occurred early. In preservation 

in water the extent of the seeding is of great moment, ie., 

whether it is a small or a large one; in the first case the 

species were dead after one and a half to two years, in 

the latter they were still living after ten years. The 

stronger cells, in fact, live at the cost of the weaker ones. 

The resisting power of yeast towards drying varies very 

much also ; this depends mainly on whether the single cell 

is subjected to the drying or the cells lie together in large 

quantity and thas form a thick layer. Hansen drew 

attention to this in 1885. Later on he made experiments 

on the resistance of the isolated cell to drying by dipping a 

piece of platinum wire into a yeast mass, placing the wire in 

an empty Freudenreich flask and shaking the latter in such 

a way that the small quantity of yeast on the wire was 

spread over the bottom and walls of the flask. He thus 

15* 
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obtained as thin a layer of yeast as possible. It then 
resulted that under these circumstances the saccharomycetes 
remain alive only for a short time. Some species died in 
less than five day& Sacch. MarxiantLs held out longest, 
being alive for three months, also Sacch. anomalus and Sacch. 
niembrafuefaciens, which lived eighty and sixty-five days re'- 
speetively. Tliese facts refer to the vegetative cells. Under 
the same circumstances spores lived at least five months. 

In addition, Hansen made numerous experiments relating 
to the drying of yeast cells in other ways, viz,, when placed 
in layers on filter paper and when put on cotton wool in 
small flasks with a wadding plug (Section II., pp. 62 and 
117). In the first case, as a rule, the vegetative cells died 
in the course of a year ; under the same circumstances the 
spores lived for one to two years longer. On the cotton 
wool, the species tested lived for more than a year, some 
even more than three years; under these conditions they 
formed spores, and it is probable that this had something to 
do with their longer period of life. Experiments in practice 
on the preservation of brewery yeast by drying have been 
(lascribed in Section II., p. 118. 

8. — Disease Yeasts and Mixed Fermentations. 

Diseases caused by Fermentation Products. — We have 
seen from the above that yeasts occur which are the cause 
of diseases in beer. As an example of such a yeast, Sacch, 
Pastorianus I. may be mentioned, which, according to 
Hansen's experiments (1882), produces a bitter taste and 
disagreeable smell in bottom fermentation beer. If the 
quantity of this yeast amounts to ] that of the stock yeast, 
the disease is very noticeable ; even when it only amounts 
to A the disease is still appreciable. It may, at the same 
time, have an undesirable action on the clarification, and 
cause turbidity. Will has isolated two similar disease yeasts 
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in Bavarian bottom fermentation breweries; the one gives the 
beer a sharp, bitter after-taste and produces strong turbidity, 
the other causes a somewhat sweet disagreeable aromatic 
taste, and a bitter astringent after-taste, as well as turbidity. 

Diseases caused by Turbidity. — Several wild yeast 
species produce in beer the disease called yeast turbidity by 
multiplying rapidly during storage, particularly in bottles, the 
beer becoming filled with cells, the specific gravity of which 
is such that they remain suspended. This was demon- 
strated by Hansen in his experiments with Sacch. Pastori- 
amis III. and Sacch, ellipsoidetis II. (1883). The same holds 
for these disease yeasts as for the foregoing, namely, that 
they must be present at the beginning of the primary 
fermentation in order to be able to cause the disease. An 
infection, therefore, which takes place only at the end 
of the primary fermentation, while bringing the beer into 
the storage cellar, is without effect. If it here amounts 
to ^j of the latter and the beer is also casked with an 
extract of 7*5 per cent. Balling, the storage being interrupted 
after two and a third months, the disease will make its 
appearance. However, this will not happen if the quantity 
of extract is reduced to 6*7 per cent. Balling, and the beer 
is stored for at least three months. 

Wortmann has recently drawn attention to the fact 
that turbidity of a particular kind may make its appear- 
ance in wine, by the cell wall of dead cells dissolving, 
and the contents of the latter being distributed. 

Diseases similar to the above have also been observed in 
top fermentation breweries (de Bavay, Frew). 

Competitive Relations. — When two or more species are 
present together in a nutrient solution they have, as a rule, 
an injurious action on one another as regards multiplication, 
a state of competition arising among them. 

Hansen was the first to make experiments in this direc- 
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tion. In his paper of 1881 he describes the competitive 
relations in beer wort between Sacch, apiculatus and brewery 
bottom yeasts. It resulted that when the same number of 
cells of both species was seeded in the same flask, the 
multiplication of both was smaller than in the correspond- 
ing flasks in which the same number of cells of each 
species had been seeded separately. The increase of Sacch. 
apiculatm was considerably lessened, but the amount of 
alcohol fonned was the same both in the flask with the 
mixed Hee<ling, and in that which contained Sacch, cerevma 
only. In another series of experiments, carried out in a 
similar, manner, but with the difference that the seeding of 
Sacch. apiculatus contained twice the nimiber of cells in 
that of Sacch. cerevisuB, the result was the same as regards 
the iiuitual retarding action which the two species exercised 
on multiplication, but here somewhat less alcohol was 
forme<l in the flask with the two species than in that 
containing Sacch. cerevisia alone. The increase of Sacch. 
cere lis ice wan also restrained to a greater extent than in 
the first series of experiments. The experiments were 
carried out at various temperatures, and with diflferent 
species of brewery bottom yeast. The main result was that 
Sacch. apiculatus, as the weaker probably at the close of the 
primary t'ennentation, is checked in the struggle with Sacch. 
cercrisiw, but that it can also exercise a restraining action on 
the inen^ase of its stronger rival and on the alcohol produc- 
tion of the latter. When each species was in a separate flask 
Sacch. apiculatm increased more rapidly than Sacch, cerevisue ; 
with equally numerous seedings the proportion was 3 : 1. 

A very remarkable result was obtained by Hansen in 
his experiments in practice with mixed fermentations of 
brewery yeast species, viz., Carlsberg bottom yeasts No. 1 
and No. 2. The chief result was that the pitching yeast 
gives a beer of less stability when it consists of a mixture 
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of two brewery yeast species than when it consists of one 
of the species only. In these mixtures the species present 
in smallest proportion acted as a disease yeast, making 
the beer less stable. The experiments showed that this 
happened not only when the two species were mixed in the 
proportion 9:1, but even when the proportion was 19:1. 
The disease then appeared only when the storage of the 
beer was interrupted after 1 J to 1§ month ; after three 
months' storage only a faint indication of it was noticeable. 

In his experiments on mixed seeding, Vuylsteke found 
that when a mixture of Sacch. cerevisia I, and Sacch, 
Pastorianus L was seeded in wort, the number of cells of the 
former species per unit of volume increased from the first 
to the second day from 1 to 4*81 and 5*18 respectively; 
the number of cells of Sacch, Pastorianus L rose from 1 to 
13*3 and 12*2 respectively. From this the increase of 
Sacch. Pastorianus I, had been |^ = 2*76 and jf— = 235 
times greater than that of Sacch, cerevisia I. When a 
mixture of Sacch, cerevisia I. and Sacch, Pastorianus III. 
was taken for pitching, the cells of Sacch, cerevisia I, in- 
creased in the proportion 1 to 502 and 1 to 462 in the first 
twenty- four hours, and the cells of Sacch. Pastorianus III, in 
the proportion 1 to 3*57 and 1 to 301. The increase of the 
cells of Sacch. Pastorianm III. compared with the cell increase 
of Sacch, cerevisia I. was thus |^ « 0*71 and J^ = 065. 

G. Syree, in a research on the competitive struggle 
between the culture yeast Frohberg and Sacch, Pastoriajins 
III., has recently obtained the following results : He em- 
ployed, as culture substratum in his experiments, yeast 
water with 10 per cent, of saccharose added. At 25' C. 
the Frohberg yeast when by itself exhibited an energy of 
multiplication of 1110 (after four days) and a multiplying 
power of 1659 (after four weeks) ; at a temperature of 
6** to 6° C. the numbers were respectively 383 and 474. 
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As regards Sacch. Pastorianus III. he found, with the same 
conditions, the following numbers: 921, 1310, 824 and 843, 
When the two yeast species were together the behaviour 
was as shown in the following table : — 



Prt»iM)rti'>n of cells in the 
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\Vht;rever the pure culture system has been well and 
completely introduced into brewery working nothing is 
to be found which can be called competition between the 
culture yeast and the wild yeast. The latter cannot make 
its presence felt and can cause no injury. But even in a 
brewery where the new system is carried out properly there 
is a chance of infection by wild yeast from outside, e.g., 
from the open cooling vessels, from uncleaned mains, etc. ; 
in short, the danger is always present. Therefore, the 
brewer must, as a matter of course, use precautions to 
maintain the selected pure culture introduced. Delbriick 
has recently called this mode of working " the natural pure 
yeast culture ". There are certain old brewery practices 
to which he has given prominence ; according to him it is 
worth whih^ to use ev(;ry means to preserve the pure cul- 
ture and to overcome any infection present, and his remarks 
on this topic arc noteworthy. His experiments led him to 
the opinion that it may be convenient to make the tempera- 
tures of f(*rmentati()n in the bottom fermentation brewery 
somewhat higher than formerly. Hansen's researches on 
the behaviour of yeast at different temperatures form an 
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important basis to Delbriick's natural pure culture. He has 
shown, namely, as may be remembered, that great differ- 
ences exist in this relation among the species and races. 
Immediately after the introduction of the pure culture 
system, Hansen also communicated the scientific principles 
of a method for improving stock yeast, which had long been 
known in breweries. This method consists in taking the 
fermenting wort at the commencement of the primary fer- 
mentation instead of sedimentary yeast during a series of 
f ermentationa The reason why a really better yeast can be 
thus obtained lies in the fact that, according to Hansen's ex- 
periments, the culture yeast preponderates at the beginning 
of the primary fermentation and the wild yeast at the end. 
In this matter there are two things between which 
proper distinction must be made, the preparation of the 
pure culture and the maintenance of the latter in the 
brewery. The natural pure culture has its use and value 
only in the last named direction ; it must not be forgotten, 
however, that its sphere of action still lies for the greater 

part in darkness. 

9. — Variation. 

Saccharomycetes are, like all other organisms, subject 
to variation. The greater part of our knowledge of this 
subject is due to Hansen, and, in the following, a rdsunw' 
of his investigations on this point is given. 

The changes caused by variation are either temporary 
or permanent ; between both extremes intermediate forms 
are met with. 

Temporary Varieties. — On the introduction of the pure 
culture system the researches in connection with it in the 
laboratory and in practice gave many opportunities for 
the observation of different variation phenomena. Such 
observations are mentioned in several places in Hansen's 
papers. If a yeast is taken from the brewery and cultivated 
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for 80ine time under laboratory ocmditions, it easily asBtune^ 
(|tialitie6 (greater attenuation, impaired clarification, unusaal 
taste) other than those it formeriy possessed. Such pheno- 
mena were frequent in former times as, in preparing pur& 
yeast in the laboratory for use in breweries, the conditions 
in practice were not always sufficiently well imitated. Also 
in more difficult cases the same wort was not used as in 
the brewery for which the yeast was prepared. But the 
new properties acquired in this manner soon disappear 
again under normal working conditions. 

Of other appearances of temporary variation, the follow- 
ing may be mentioned : Hansen sometimes found in a culture 
of Carlsberg bottom yeast No. 1 on gelatine, colonies whidi 
consisted of normal egg-shaped cells, sometimes colonies 
which contained sausage-shaped cella Each colony, culti- 
vated by itself, gave a progeny which retained its char- 
acteristic cell form. It was only after repeated cultures,. 
finally in a fermenting vat in the brewery, that the sausage- 
shaped cells disappeared, and the yeast again contained 
only normal egg-shaped cells. Hansen further found by 
cultivating Saccli. Piutorianus 11. on wort gelatine at 25° 
that vegetations form jmrtly with the appearance of Sacch, 
cllipsouleus, and partly with that of Sacch,' Pastorianus, 

In general, vegetative cells and spores vary very much 
as regards size and shape, the latter also with regard to the 
number in the mother cell. Feeble vegetative cells and 
spores pi-oduce small cells. Other peculiar changes of shape 
have been already mentioned in the description of the 
growths of fihn formation. 

Hansen's experiments made in 1883-84 with Carlsberg 
bottom yeast Nos. 1 and 2 have shown that a previous 
culture in unaerated wort may have an important influence 
on the clearing power of a brewery yeast in practice, and 
thereby cause a precursory variation. The first species 
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in particular, after it had passed through repeated fer- 
mentations in unaerated wort in the brewery, gave a very 
poor clarification and an extraordinarily strong fermenta- 
tion. Under the same conditions yeast No. 2 also gave poor 
clarification, but returned tolerably quickly to its normal 
condition, viz., after it had passed through two primary 
fermentations in the fermenting vats of the brewery^ 
The influence of chemical substances makes itself felt 
here. This is expressed more plainly by the following 
example : Hansen observed that the disease yeast Sacch. 
Pastorianus L, which produces a disagreeable taste and 
smell in wort, loses this power if kept for a time in a 
saccharose solution. Another example of a precursory 
variation, which, however, continued through a few gen- 
erations, was communicated by Hansen in 1886, when he 
showed that the film cells of certain species and the cells 
of old growths which had been developed in a saccharose 
solution could form, in wort cultures, a loose-lying and 
often cheese-like yeast sediment quite different to the 
normal dough-like sediment. This change only disappeared 
after repeated cultures in wort. Cheese-like yeast can also 
be formed after prolonged drying. 

In his first paper on spore formation (1883) Hansen 
drew attention to the fluctuations which may appear in 
this function; these depend partly on the fact that indi- 
viduals of the same species behave differently, and partly 
on external factors. For example the cells of Sacch, Pas- 
torianus I., produced in wort at 27' C. in two days, form 
spores with more difficulty than those produced at the 
same temperature in one day ; the difference is still greater if 
the cultures are one and seven days old respc^ctively. About 
six years later Hansen published the discovery of asporo- 
genesi& He had noted that Sacch. Lndxoi<jii when allowed 
to stand in culture media could form cells which had lost 
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the power of developing 9porea He farther observed that 
under these conditiona the isolated cells developed thiee 
ve^tative forms : the first possessed the power of vigorous 
spore fonnation, the second had almost lost this power, and 
the third fonned no spores at alL The observed deviation 
from normal behaviour was found to be hereditary in wort 
cultures for a long time.^ But by cultivation of the latter 
two forms in a culture liquid containing dextrose, these 
<iuickly resumed their normal condition. The same be- 
haviour was noted afterwards by the author as regards 
Sacch. Marxianus. It appeared later that all asporogenous 
varieties of Sacch. Ludwigii are not affected by dextrose 
in this way. The above variation of Sacch, Ludwigii forms 
an (example of transition from an entirely temporary varia- 
tion U) a permanent one. The effect of dextrose in this case 
ort'ers, on the other hand, an instance of the specific action 
of a single chemical substance. 

Permanent Varieties. — Hansen prepared in the same 
year a permanent asi)orogenou8 variety showing that Sacch, 
Pa.storiium.s I. eompletely lases its power of forming spores 
on V>eiii^ cultivated for several generations in aerated wort 
at a temperature which is higher than the temperature 
maximum for spore formation, and only a little lower than 
the temperature maximum for bud formation. His later 
experiments have shown that this law holds for all typical 
saceliaromycetes (culture and wild yeasts). The peculiar 
species S(ur.ii. iiicmhramefuci-ens^ Sacch. afiomcUus and Sacch. 

' llanseu also observed the rise of asporogenous fonDS in other species 
whon allowed to remain for a long time on culture gelatine and in wort. 
Boijerinck and P. Lindner liave recently made similar observations. Thus 
Beijerinrk has separated two forms of Schizosacch. octosporus^ an asporo- 
genous and a sporogenous. With the first he found that the formation of 
trypsin liad been very much restricted, and that the formation of acid was 
greater than in the sporogenous form. Alfred Jorgensen states that top 
yeasts preserved on gelatine gave a slower clearing and a greater attenua- 
tion than under normal conditions. 
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igU appear to be the only exceptions ; but these 

also deviate so very much from true saceharo- 

that they ought probably to be set up as types 

genera. 

ifce recently Hansen has published detailed descrip- 

of his investigations on the formation of permanent 

erogenous saccharomycetes by the above mode of cul- 

The starting point of his experiments was always 

a single cell, in some cases a vegetative cell, in others 

►re. To find out the conditions of spore formation at 

ious stages during treatment he employed surface plate 

^■^tures on wort gelatine (see p. 106). The grown up 

^^^ilonies were then, as soon as their size permitted, placed 

^^irectly on moist gypsum blocks for sporulation. Those 

^^'S^lonies which were too small for this mode of treatment 

'\rere put in wort and the sediment yeast formed was 

^liiced on gypsum blocks. The chief experiments were 

made partly with Sacch. Pastorianus I. at 32° C, and partly 

with Johannisberg II. at 36° C. As ,an example of the 

result of the treatment of the first-named yeast at the 

different stages the following table is given : — 

In the 2nd stage 1 per cent, permanent asporogenous cells were found. 
»» 4iin ,, uU ,1 ,, ,} ,, ,, ,, 

I) iwu ,, luu „ ,, ,, ,, ,, ,, 

But besides these permanent asporogenoas cells, other 
transition forms were found, i.e., some which had only lost 
for a time the power of sporulating; after culture for a 
shorter or longer time in wort they again became sporo- 
genous It requires cultivation for two years before it can 
be decided whether a vegetation is a permanent asporo* 
genous one or not. 

Whilst nutrient liquids were employed in the foregoing 
experiments, Hansen also carried out numerous experi- 
ments with solid substrata as the cultivating medium. 
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Sare.h. eererULa I. ftod Saeck. PasionamuB I J. formed • 
corwidermbte nnmber of peniiaiieni asporagenooB eelb on 
wr>rt irelatine At 25' C. : il farther became evident tbai 
S(y:*:h. Poitorvmiu III., Sacck, eliiptoideus IL and Jokmmu- 
httfij II. forrn^l very few, and finally that Sacek. Pastarianui 
I., Sarth, dlipnoidem /., Sacek. Lmdwigu and Sacck. mem- 
hran*f!faruinsi formed no permanent asporqgenoos cells what- 
ever. A permanent affporogenons variety was formed by 
Harch. anr/malu4 on agar- wort gelatine at 34"* C and on the 
Msme HiiViHtratum at 32' C. by Sacck. Pattoriamus I. 

In orrler Xa) decide the fan<Umental question whether, in 
th^; formation of thes^ asporogenoas varieties, it was a case 
of H»;lection or tmasformation, Hansen nuule special experi- 
ments with th«.* Johanniaherg IL yeast In a normal growth 
it was a^nolut^^ly imposHible to fiml a single cell which by 
nonnal culture did not produce a sporogenous growth. 
Thf; Htartin(( fKiint was a single cell, either a v^etative 
i*A\ or a HjK>r«;. The v^etation with which the experi- 
ni<;iit fiad ^K;en ^x^gun was analysed in such a way tiiat 
at Krast l/KK) c«;lls were isolated and the vegetations 
prodiKNil },y them t<?stt*<l for spore formation. In all cases 
i\\iiy MjiorulattMl in abundance. Hansen's experiments 
hIiowcmI furtluT that, as soon as the treatment is com- 
nif?iuM,'d, th<» transition forms — the temporarily asporogenous 
forms —appear. Hut sueli were never found at the start- 
ing j)oint, and their inception must be ascribed to the 
trc;atin(^nt. Finally, the variation described is a general 
phenomenon which always makes its appearance if the cells 
are su})ject(3(l to the al)ove treatment. As a result, both 
of i\w, analyses at the starting point and of those at the 
diffenTit stages ol* tlu^ treatment, it is plainly to be inferred 
that the variation wliich appears during the treatment origi- 
nat<!s in a transformation. The following behaviour, which is 
also treated experimentally here, is extremely peculiar, viz,, 
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iJiat even when the starting point of the experiment is a 
«ngle vegetative cell or a spore, yet the following three 
•categories appear during the treatment : sporogenous cells, 
temporary asporogenoos cells and permanent asporogenous 
<^ls; a single cell can be again taken from the first two 
kinds which will once more reproduce all three categories. 

As regards the conditions for transformation the follow- 
ing factors come to be considered : the chemical composition 
of the culture liquid, the vibrations caused by shaking the 
flask, the aeration of the culture liquid and the temperature. 

The following can be set down as the result of Hansen's 
experiments: a culture liquid of definite chemical composition 
is as little required as are vibrations. Also aeration without the 
high temperature is incapable of causing the transformation. 
But it may be said of the culture liquid, the vibrations and 
the aeration, that each may have an indirect significance in 
so far as they all more or less aid multiplication. But a 
high temperature was shown to be the most important and 
absolutely essential factor. On culture gelatine we are able 
to produce the transformations described, not only by means 
of high temperature, but also by means of chemical factors. 

Hansen has prepared asporogenous varieties from 
numerous other species besides those of Sacch. Pastorianus 
L and Johanmsberg IL The oldest of these are more than 
twelve years old, and they have always maintained their 
permanent asporogenous character in spite of numerous 
cultivations and very varied conditiona As a rule the 
saccharomycetes treated in the above manner lose sim- 
ultaneously the power of forming spores and films. In 
some, also, a multiplying power of the cells in wort has 
been observed greater than that of the parent forms, and 
with regard to alcohol production greater deviations from 
the parent forms have been presented. In this respect 
Hansen has also brought about differences by other methods, 
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obtaining both an increased and also a diminished production 
of alcohol. Thus Carlsberg bottom yeast No. 2 was culti- 
vated at 32'* C. in eight successive wort cultures, the suc- 
ceeding one being inoculated from the preceding without 
any aiTation of the tiasks taking place. The ninth culture 
then, by cultivation in wort containing 10 per cent, of 
saccharase, gave 1 to 2 vol. per cent less alcohol than the 
normal Carlsberg bottom yeast No. 1, and, in addition, also 
a Ixjtter clarification in practice. Hansen obtained from 
8jK)re.s of Sacch. cerevisia I. which were seeded on yeast 
water gelatine, a vegetation which gave up to 3 vol per 
cent, more alcohol than the corresponding vegetation which 
had been cultivated only in beer wort during the whole 
time. In the latter case, however, it is selection rather 
than transformation which takes place. The single in- 
dividuals of a species purely cultivated in wort may, e.g.r 
show a great difference in fermenting power, even although 
they have been produced in the same nutrient solution and 
under the same favourable conditions. These matters re- 
main, for the most j)art, still in the dark ; the same remark 
applies also to variation as regards clarifying power. 

IF the culture of a sporeless non-film-forming variety be 
allowed to remain for a long time in the fermented nutrient 
solution, the latter exhibits an alcohol content far greater 
than that of the corresponding film-forming parent fom> 
rearcid under the same conditions. Thus, Hansen found that^ 
in six months, there were 5 5 vol. per cent, of alcohol in 
the nutrient liijuid of the variety, while there was only 1*5 
vol. per cent, in that of the corresponding parent form, 
althoutrh the last-named flask also contained 5*5 vol. per 
cent, when it was only a month old. The cause lies in the 
fact already mentioned that film cells are capable of turning 
the alcohol formed into carbonic acid and water; the 
varieties here mentioned have lost this power of trans- 
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forming alcohol simultaneously with the loss of the power 
of film formation. 

With regard to these varieties which have lost their 
power of forming spores and films, it was found that these 
new properties are quite permanent and heritable. Such 
varieties have been cultivated under the most widely varied 
circumstances for long times (up to twelve years) without 
exhibiting the slightest indication of returning to the parent 
forms. 

The number of transient variations is legion and they 
are easily produced. But of those which lead to permanent 
varieties the above is the only one we know of. The 
greatest interest attaches to it for several reasons. In the 
constant varieties mentioned the most important factor in 
transformation is temperature ; but in order that the trans- 
formation may take place, a certain number of generations 
must be subjected to its influence. Since the same factors 
are at hand in nature as well as in the laboratory, the same 
variation may appear there also. 

Practical Results and Variation in Practice. — If it is 
asked what practical utility such investigations can have, the 
following answer may be given : they deepen our insight into 
the life and the efficiency of these organisms, and we can 
therefore employ them in our service to a fuller extent than 
hitherta We shall not be content as before to make our 
choice from among the species and varieties already known 
in nature or in the brewery, we shall rather begin ourselves 
to introduce improvements and transform species according 
to our desire. 

The practical application to the analysis of brewery 

yeast consists in being able to make such an analysis with 

greater ease and certainty than formerly. One of our most 

important researches on wild yeast is based on spore culture, 

and species, as for example Carlsberg bottom yeast No. 1, 

16 
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which gives extremely few spores or none at all, are, in this 
respect, easy to control. If, on the other hand, a brewery 
yeast with strong spore formation has to be dealt with, the 
matter is somewhat more difficult. From the above it 
remains that we are able to take from the oells their power 
of fonuing spores, thereby making the analysis easier. 
Hansen has done this several years ago for Carlsbei]g 
bottom yeast No. 2, and has brewed good normal beer with 
the new variety formed in this manner. Yet it must be 
kept in mind that the transformed species may also undergo 
a simultaneous change in other respects. The sporeless 
variety will often act in a brewery in a different manner to 
its parent form. The experiments carried out with Carls- 
berg bottom yeast No. 1 are additional examples of the 
practical application of the results of the researches on 
variation. This yeast gives a beer that is stable, but greatly 
attenuated during the primary fermentation. Now Hansen 
has, by the method of culture described, prepared from it at 
a high temperature a permanent variety with less attenuate 
ing power wliich gives a fuller beer than the parent form. 
This variety has, however, one failing ; it acts too slowly. 
Numerous articles on the variation of beer yeast are to be 
found in the brewery journals both before and after the intro- 
duction of tlie pure culture system ; the most of these treat 
of their degeneration in practice, others of their improve- 
ment. The attainment of the latter was sought in one way 
by their cultivation in any culture liquid of definite chemical 
composition. The best known researches in this direction 
are those ma<le by Hay duck. According to him the enrich- 
ment of the yeast with nitrogen is one of the causes of 
degeneration ; in such cases, in order to regenerate the yeast, 
he recommends that it should first, before pitching, be 
allowed to ferment in a cane sugar solution. Seyffert 
found recently that a yeast which had hitherto given a 
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good clarification in the brewery, but which Huddenly went 

bad in that respect, oould be brought round again to give a 

good clarification by the addition of gypsum to the brewing 

water. The experiments with stimulating antiseptics already 

mentioned made by Biemacki, Effiront, Hayduck, Heinzel- 

mann and Schulz come under this head. Besides Hansen, 

Delbriick, Jorgensen, Kukla and Will have published papers 

on the variation of brewery yeast. Hansen's two new 

varieties of beer yeast and his experiments with them in 

practice have been described. These experiments assume a 

special interest from the fact that the two species which 

formed the starting points for the transformation are well 

known, and are present in most laboratories, and also from 

the fact that a definite method is given. This does not hold 

for the experiments described below which start with the 

object of attaining a racial improvement by selection in 

seeding. 

The application of the pure culture system in practice 

consists, as we have seen, not only in the pi*eparatiou of 

pure cultures of a certain species or race, but at the same 

time in a selection from among the vegetations produced by 

the individuals. Thus with the introduction of the pure 

culture system into the brewery a racial improvement 

is at the same time striven after. It was a case here of 

always selecting the best, since practical men always made 

greater demands and forced us to experiment, i.e., compelled 

us to seek for such individuals as witisfied these demands. 

It is not only required that the species or race shall keep 

all those properties which are of value for the practical 

man, but it is desired that at the same time such individuals 

shall be selected as will vary in a manner serviceable to the 

brewery concerned, i.e., possess good qualities in a high 

degree and lose undesirable ones. Of course even in the 

best cases this may be only partially attained. The yeast 

16 • 
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species selected by Hansen for the two Carlsberg breweries 
was the one which became known as Carlsberg bottom 
yeast No. 1 , which has its good qualities (good taste, great 
stability), but also its less desirable ones (sluggish clarifica- 
tion, somewhat too great attenuation). He then began at onoe 
to improve the race by continual selection, and his successors 
have, later on, worked in the same direction, outside the 
Carlsberg laboratory as well, not only with this species but 
with other species and races. 

Racial improvement thus consists in repeated selection 
of the best individuals. It may be seen from the papers 
published by Hansen and other investigators on experiments 
in this direction that it is not possible to set up definite 
rules here. Experiments must be carried out. The ex- 
perimenter will often be deceived and arrive at an un- 
desirable result; he is here confronted by something 
which is not to be regulated. It is a matter quite different 
from the mere preparation of the above asporogenous races; 
in the latter case the conditions are known exactly and the 
transformation can be regulated. Finally it must be borne 
in mind that, even when the material for such experiments 
on racial improvement is taken from the contents of the 
brewery fermenting vats, there is no guarantee that the 
race taken out stands in genetic connection with that 
formerly selected. They are not therefore of necessity 
blood relations Ijecause both agree in botanical char- 
acteristies. 

Similar communications on racial improvement have 
been made by the technologists of wine fermentation, but 
here also there is no mention made of definite methods. 
In all these communications also, information about the 
species from which the start was made is as a rule 
wanting. 

A culture yeast may also be subject in practice to 
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variation in a harmful direction. Hansen in his Practical 
Studies in Fermentation, when in 1892 summing up his 
experiments on this subject during the course of years, 
Bays as follows : " When we regard the variations of yeast 
in brewery practice from a biological point of view, we are 
inclined to look upon them as quite insignificant ; for the 
practical brewer, however, the matter is quite different. 
The changes can, indeed, occur in a very disagreeable 
manner, and sometimes cause an appreciable irregularity. 
In the course of a year they pass like a wave through 
the brewery, and in most cases we have no idea of their 
cause.*' Investigations on all that occui's in practice are 
difficult in a high degree, not only because we do not 
work here with the absolutely pure culture of the 
culture yeast concerned, but the composition of the 
wort and other external factors are so very complicated 
and variable that they frequently escape our control. In 
spite of very extended and arduous attempts on the part 
of the author by experimental means to shed light on 
the most important questions which have cropped up in 
this region of late years, he is still unable to record com- 
pletely satisfactory results, but hopes later to be able to 
give some elucidations. This may, however, be said, that 
those variations which come to light in actual practice 
under the influence of the factors there predominant are 
only transient, which shows that the pure culture system 
has not only gained a firm foothold in the brewing system 
of the whole world, but daily spreads further into all the 
other alcohol fermentation industries. Some of the culture 
yeasts are particularly permanent, whilst others are more in- 
clined to variation. Carlsberg bottom yeast No. 1 belongs 
to the first of these. In the New Carlsberg Brewery, for 
instance, there was a pure culture of this species in the fer- 
mentation cylinder of the pure culture apparatus which 
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had been introduced more than five years before. Flnctua- 
tions of course occurred, but no fixed changes. Various 
authors have made communications on a special constancy 
in culture yeasts. The experiments on this point by Irmisch, 
Jorgensen and P. Lindner are noteworthy. Finally, if in 
practice a yeast growth is present which exhibits a variation 
in an adverse direction, a degeneration, the means of cure 
are now easily accessible ; a new culture is then introduced. 

10. — Circulation in Nature. 

We will now shortly describe what is so far known of 
the circulation of the saccharomycetes in nature. 

In the years 1880-81 Hansen published the results of 
one of the most important and mast interesting biological 
researches on yeast cells which we possess, and which he 
had carried out in the preceding years with the cells of the 
yeast named Sacchnromyces apictU^tus, Reess. From it we 
find that this fungus occurs and fructifies in summer and 
autumn on the injured parts of sweet juicy fruits, in the 
juice of which it multiplies ; during winter and spring it is 
found in the ground under the fruit and only in quite ex- 
ceptional cases in other places. It gets into the ground 
partly through the falling of the fruit and partly by 
means of the rain which trickles over the fruit. Those 
cells which pass into the intestines of birds and insects 
and are given oti' with the excrements also pass finally into 
the earth. 

Hansen has likewise shown that Sacch. apiciilatus appears 
normally only on sweet juicy fruits and under the latter in 
the ground ; the cause of this is the very slight power of 
resisting drying which this fungus possesses. Therefore, 
when present on the surface of unripe whole fruit, on 
leaves, twigs, etc., where it cannot multiply, it dies off after 
a comparatively short time through drying. Otherwise it 
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maintains its life in fruit juice where it multiplies, and in 
the soil where it is protected from drying. Direct experi- 
ments have demonstrated this. 

From its winter abode in the ground it again reaches 
the sweet juicy fruit by aid of the wind, and of insects and 
other small animals. Rain may also be effectual in this re- 
spect, viz., in the case of fruit growing near the ground. As 
soon as multiplication goes on in the fruit juice, insects again 
play an important part in distribution by carrying the cells 
from fruit to fruit ; according to Wortmann wasps are par- 
ticularly efficacious in this respect in vineyards. Insects 
are, however, the distributing agents only during a small 
part of the year, and then only on the sunny days of that 
period ; all through the year the wind carries the cells 
about with the dust and finally deposits them in large 
quantities on the fruit. 

With regard to typical saccharomycetes recent investiga- 
tions of Hansen have shown that they likewise pass the 
winter in the ground, and that sweet juicy fruits are essential 
breeding places for them, so that they pass through the 
same circulation in nature as Sacch. apicnlatus. The in- 
vestigations of Miiller-Thurgau and Wortmann confirm 
this. Pasteur was of the opinion that wine yeasts do 
not spend the winter underground. Hansen's experi- 
ments, however, speak against this, since he found 
living yeast in the soil under the vines in the wine- 
producing districts of Germany in spring and summer, 
».«., at a time when there are no ripe grapes. Hansen 
has, besides, seeded saccharomycetes in the soil under 
natural conditions, and has found them living there more 
than three years after. After finding that the breeding 
places of saccharomycetes are on sweet juicy fruit he 
proceeded from this and followed the cells farther on their 
way during the diflerent seasons of the year. The sac- 
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charomycetes may of course follow, besides the normal 
circulation, Home other accidental and exceptional one. 
Only the I'egular annual repetition of the circulation is 
of intereHt in relation to a knowledge of this portion of 

the economv of nature. 

« 

Some writers have expressed the view that the breed- 
ing places of the saccharomycetes are in the nectar of 
Howers until the time of ripe fruit, and that the winter 
is passed in the intestines and excrements of insects and 
other aninuils. Hansen s investigations have shown, how- 
ever, that if they are found in these places at all, it is 
«|uite a matter of accident. The authors experiments on 
insects have also demonstrated thia 

Hansen's researches on the circulation of saccharomycetes 
in nature. an<l on the amount of micro-organisms in the air 
at various seasons ot the year, have led to the following 
i-esult^s, very importiuit to the brewer : (1) Wind and 
insects iirv the most important means of transportation 
of yeast cells in nature, especially the first; (2) dust 
<'lou«ls in the harve^st months are rich in strong yeast 
cells, pnMluctMl on sweet juicy fruit; and (3) all thi-ough 
the year the o\Km cooling vessels are the chief means 
by which wild yeiist species make their way into the 
hreweiv. 

The practical outcome of this was that, in the Old and 
Xew Carlsber*^ Breweries in Copenhagen, the wayB in 
the n(^inrlil)uurhoo(l of the cooling vessels were sprinkled 
with water, so that the dust might not infect the wort, 
a proce<lure which was followed in other places. Later, 
after the pure culture^ S3^stem was introduced, the open 
(M^oling vessels were removed from the above breweries and 
replaced by closed holders for cooling and aerating the 
wort. 

The cask deposit and likewise impure pitching yeast may 
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also give rise to infection ; before introducing the pure culture 
system the latter was probably the worst source of infection. 
If, by any means, wild yeast, etc., makes its way into 
practice, it may collect in the water pipes, especially at tlie 
connections, and these are, therefore, according to Will's 
experiments, the most dangerous sources of infection if 
the wort has been once infected ; the cracks and crevices 
in fermenting vessels are also dangerous in this respect. 
It is therefore very important to keep these places dean. 
Will's experiments have also clearly shown that the filter 
bag is a source of danger. But the wind with the dust 
it carries remains, all the year round, the chief means by 
which uninvited intruders make their way into the brewerj^ 
Combined with this we have the insects in the summer 
months on sunny days. Now that impure pitching yeast 
has become rare, the open cooling vessels therefore form 
ihe most important and most dangerous source of 
infection. 

Systematic. 

1. Genm : SaccharomyceSy (Meyen) Reess. 

(Synonyms : Mycoderma, Persoon ; Cryptococcus, Kiitz- 
ing; Torula, Turpin; Hormiscium, Bail.) 

Single cell fungi in which vegetative increase takes 
place by budding and which develop endospores in their 
interior under certain conditions. Sometimes they may 
form a typical mycelium. 

The various related species here may, as before stated, 
be grouped according to their action on the various sugara. 
The following classification is of this kind, and its basis is 
to be found in Hansen's paper of 1888 : — 

1. Those species which ferment maltose, dextrose and 
saccharose. 
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EzAmples : Saeeh, cereritUf /., Hansen. 

„ Pastoriamms /., „ 

in.. 






l)e.si(le.s brewery yeast spedes and in general the culture 
yea-ste hitherto iuvestigated. 

2. Those species whidi ferment dextrose and saccharose 

but not maltose. 

Kxamples: Sacch. MarjciamuSy Hansen. 

rxiguus (Reess), 

Ludwigii, >f 

„ Saturnus, Klocker. 



.">. Those species which ferment dextrose, but neither 
saccharose nor maltose. 

Kxaniple : Sacch. mali Diiclauxi, Kayser. 

4. Thost- species which ferment dextrose and maltose^ 
but not siiccharose. 

Kxamplo: Sihrh n. sf>„ isolated from the stomach of a bee by the 

Hutljor. 

.). Thost' sj>fcies which ferment neither maltose, dextrose 

nor sarcharost'. 

Kxamples : Suvch. memhranwfaciens^ Hansen. 

hyalosiMtrus, Lindner. 

farinosus, ,, 

tinomalus car. belgicus^ „ 

(>. Those species which can ferment lactose. 

Kxamplo : Suvch. fniinlis, Jorgensen. 

The descriptions and investigations of the species given 
lx*low are from the authors who have established the species 
in (juestion, and whose names are added to the systematic 
name of the species. Where the researches of other investi- 
gators are given this is specially mentioned. 
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^"^^aocharomyces cerevisife I., Hansen (Figs. 79 1, 80, 81, 82, 

■Sand 89), was isolated from a top yeast in an Edinburgh 

rery, and found later also in the yeast of a London 

^wvry. The cells in the yeast sediment are, as a rule, 

■e and round (Fig. 87). la film growths at 6° to 15° 

^^■ttiey are for the most part of the same shape as in the 

oment yeaat, with only isolated abnormal forms (Fig. 88). 

^^^iiB size of the spores varies from 2J to 6 /i ; there 

a usually one to four in each cell, seldom five (Figs. 

1 1 and 89). The germination of the spores is represented 

.^1 Figa. 80, 81 and 82. 



At 87^° C. no spores develop. 

At 86° to 87° G. the first iodioations u 

At80°C 

At 11= to 12° C 

At 9° C. DO spores develop. 



Q after 39 hoar«. 




Fw. S7.—StuxAartmyei» cmriaut I., Flu. 88.— SaccAaromvcej ixrtvitia- I.. 

Hansen. Bedimciit yesat. •!*. Hansen. Film growth »t IB-S" C. 

(After Hjumn.) 'jj. (After Hinswi.) 



Fkj. Si.—S(Kchaniiayca 




ilvvelopiu«nt of the 



The temperature limits for film formation are 'A3," to S*" 
C. and 6° to 7° C. The species is a vigorous top beer yeast. 

We shall describe some of the numerous forms which are 
employed in the industry. 
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The cell form of Carlsberf Bottom Yeast No. 1, Hansen, 
may be seen from Fig. 90. The species forms spores with 
extreme difficulty ; after a long time (five to six days at 
25° C.) they are only to be found singly. Very often there 
are none at all. In practice it is inclined to give only an 




Fir,. ^.—CorMffn BMI,;,< ThiH Xo. 1, HsDMD. i-f^. (AIMr Hhimil) 



indifferent claritication and a strong attenuation, but, on tie 
other hand, produces a tine stable beer. 

Carlsberg Bottom Yeast No. 2, Hansen. — As seen in Fig. 
91, the shape of the cella is more regular than in the pre- 
ceding Hpeoies ; it also forms spores somewhat more easily. 
Beer prepared with this yeast is not so stable, but clears 
liettcr in practice. 







Of four culture yeaats of the Munich station described 
by Will, Tribe 93 and Tribe 2 belong to the strongly fer- 
menting species, Tribe 6 to the yeasts of medium fermenta- 
tion, while Tribe 7 is to be classed with the feebly fermenting 
species. The last forma spores with great difficulty, while 
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r first three produce them abundantly and easily. The 
- ^eidinal points for spore and film formation are the 
:2«lbwing: — 

---^ Tribe 2. Tribe 6. Triba 93. Tribe 7. 

for BDore for-) ^ ^ 
^^j^ |8rtoirC. 31° to IPC. 30° to 10° C. 80° to 13° 

am for spore j^^o ^ 26° C. 28° C. 28° C. 25° to 26° C. 

for film for-\28° to 81° 26° to 81° 30° to 81° 26° to 28° 
xoation. J 7° to 10° C. 7° to 10° C. 4° to 7° C. 4° to 7° C. 

Film formation goes on most quickly in Tribe 7, The 
of all four species are round or oval ; in Tribe 7 giant 
cells occur regularly. 

The three types of brewery yeasts, Saaz, Frohberg and 
Logos, have been mentioned on p. 219 with regard to their 
action on the sugars. 

There is also a very large number of Beer Top Yeast 
Species and Races. Hansen, in his paper of 1882, gives a 
description of two such species prepared by pure culture ; 
the one was isolated from a Burton yeast, the other from 
an Edinburgh one. They were plainly different from one 
another. A detailed description of Hansen's top yeast, 
Sacch. cerevisia /., has already been given. Several others 
have been prepared by pure culture later, especially by 
Jorgensen and Schonfeld. Jorgensen groups the forms 
present in his institute, including the bottom yeast species 
as well, from the practical point of view, viz., according to 
how quickly or slowly they clear and at the same time 
ferment strongly or weakly. 

The distillery yeast, Race ll.| isolated at the Berlin 
Station, has attained a wide distribution in Germany ; it 
originated in a distillery in West Prussia, is a top yeast 
of the Frohberg type, and is distinguished chiefly by its 
large cells and its great fermentative power. The results 
obtained from it in practice are very good ; it is especially 
adapted for the fermentation of difficultly fermentable and 
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liigbly coDcentrated mashes, its power of resiBtaiice to hij;}i 
alcoholic content being great 

The utation at Berlin has also isolated various yeasts ia 
lue in pressed yeast manufacture, and Race IX. especially 
has given satisfactory resulta 

We shall now describe several wild yeasts. 

Saccharomyces Pastorianus I., Hansen (Figs. 79s, 92 and 
9:^), was first found in dust in the air of a Copenhagen 
brewery, and later also in diseased beer. The growth is 
wort consists chiefly of sausage-shaped cells, but round and 




will/.- Flo. 9Z.— ■iarcliannaycei Piut-rnaiiiii I., 
/.. HiiDK.^i>. S«iliiiii-ul ji'iiBt. ';■". Hanseu. Fllnigrowth»tl5-3°C. 5°-°. 

(After llnnsrii.) (After Holoi in Ruiwd's paper.) 

ovul cellN an; alrto found (Fig. !)2). The size of the spores is 
\l to 3| fi, they scMom attain a diameter of 5/t. They 
number oftene.st 1 to 4, somotimes also 5 to 10 in very 
elongated cells. 

At alj'' C. no Bporea develop. 
,. 29i° to SOi" C. the first indications are seen alter SO hours. 

„ 27+° C. „ „ 24 

.. .r to i° C „ „ 18 d»y«. 

„ i° C. no aiiorpB develop. 

The temperature limits for film formation are 26° to 28° 
C. and 3° to !>' C. This species is a bottom yeast form and, 



SACCHAROMYCES 255 

as already stated, a dangerous disease yeast in breweries, 
siDoe it causeB a disagreeable smell and a strong bitter 
taste in the beer. It usually has a detrimental effect on the 
clarification as well. While thus possessing bad qualities 
for beer manufacture, it can yet give a good product in the 
preparation of wine (Maeh and Portele). 

SaccharomycesPastorianus l[., Hansen (Figa. 79 s, !)4 and 
95), was also found by Hansen in the air in a Copenhagen 
brewery. The cells are usually somewhat larger than those 
of the preceding species. This yeast produces a feeble top 

Via. M.— ^tcAoromjdo PtuUteiaaai- FlO. 95.—Saecharomiieti- Paitoriuuva 
//..Haiueo. Sediment yewt. t^K //., Hanaen. Film growth at 16— 3° 

(Aft^HuiMn.) C. A|.t. (Afl«r Holm in Hansen's 

paper.) 

fermentation. The size of the spores is 2 to .5 ft, .sel<ioin 4 
ixtb ft,. 

At 29° C. DO apores develop. 
„ 27° to 28° C. the firat indications are seea after 84 lioiirs. 

„ 26° C. ,. 25 „ 

„ 8" to 4° C .. ., 17 days. 

„ J° C. no Bporea develop. 

The temperature limits for film formation are 26" to 28' 
C and 3' to 5° C. The cells of the young film at 13° to 15' 
C. are distinguished from the corresponding cells of the 
succeeding species by generally being round or oval, whereas 
in Sacch, Poitorianus III. many sausage-shaped cells are 
found under these conditions. Streak cultures on yeast- 



256 FERMENTATION ORGANISMS 

water gelatine at 16° C show ooloniea with smooth borden 
in sizteon days, the speciee differing from Saceh. PaaUmaim 
III. in this renpect alsa 

Saccharomyces Pastorianus III., Hansen (Figs. 79 «, 96 
anil 07). This apeciee was found in boUom fermentation 
( 'upvtihagen beer affected with yeast turbidity. The shape 



. Hanwa. Sediment yeast. *('- 

of thu cellu \», for a culture in wort, the same as those of 
till- two preceding species. The spores are 2 to 4 /« ia 
size, fwliiom 'Ah to ■!■ ^. 




Film growth at 16^ C. 



18 are seen after SS bonis. 



,. H*=C. , „ „ 9d*Ta. 

,. i" C. uo sporc;s develop. 

TJie temperature limits forfilm formation are 26° to 28* 

0. and 3" to 5" C. The cells of the young film at 13° to 15' 

C, are distiuguiahed from the corresponding cells of Sacch. 

Pavtoriatiita 11. by many of them being veiy long and 



;=! 
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"^ ^fo-shaped (Fig. 97) ; in the latter species the cells are 
^^^ently roUDd or oval. 

tireak cultures od yeast-water gelatine at 15° C. give, 

days, colonies with distinctly hairy borders, 

"niiB species produces a more vigorous top fermentation 

'\ Baeeh, Paalonantu II. It is a dangerous disease yeast 

flh oanses turbidity in beer. But a small addition of this 





Vie. ii.~Sacthanmyc*i ^liptiidtut I. , Fio. W.—Sacehammj/cet tUipmidau I., 
Buuen, Sediment jsait *fl. (After HuiBen. Film growth at 16-lS* c. 
HaowD.) «fl. iAfter Holm in Hansm'a paper.) 

species to stock yeaat can, in some circumstances, make 
opateecent beer dear, probably by removing during after- 
fermentation the substances which cause the opalescenca 

Saccharomyces ellipsoideus I. , Hansen (Figs. 79 1, 98 and 
92). — This species was found by Hansen on the surface of 
ripe grapes in the Vosges district The cells are of ellipsoi- 
dal shape, but may also be sausage shaped. The spores are 
2 to 4 ;i in size, seldom 3J to 4 ^. 
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At 82^° G. no spores develop. 
„ 30^° to 81 i° G. the first indications are seen after 36 hours. 

,, t^ 1^. ,, It f, If ,, XX days* 

,, 4° G. no spores develop. 

The temperature limits of film formation are 33° to Si"" 
C. and 6° to 7° C. The cells of the young film at 13*' to 15* 
C. are distinguished from the corresponding ones of Scuxh. 
ellipsouleus II., which are round or oval, by the large number 
of long, sausage-shaped cells (Fig. 99). 

Streak cultures. on wort gelatine at 25** C. after eleven 
to fourteen days give colonies with a peculiar reticulated 
structure (here differing from Hansen's foregoing species 
and from Siicch, ellipsoideus //.). 

This species is one of the many which are active in wine fermentation. 
Numerous forms, closely related to this specieSi have been isolated in the 
experimental stations for wine culture by Aderhold, Hotter, Marx, Mailer- 
Thurgau, W. Seifert, Wortmann and others. Among these species there 
arc some in which the cells are vigorous spore formers, e.g., the species 
*' .Johdmiishenj 11.," which has become so well known through Aderhold 
and Wortmann's researches, and of which 99 to 100 per cent, of the cells 
develop spores on gypsum blocks. The maximum temperature for spore 
formation is, iu this species, according to Hansen, between 33** and 34^^ 
C, and tlie minimum temperature between 3° and 2° C. Another wine 
yeast is tlie Wnl}H)rzheim yeast. According to Aderhold this yeast is dis- 
tinguished, ill one respect, by the rapidity with which it forms a film 
iu wliich a large quantity of spore-bearing cells appear. 

Saccharomyces ellipsoideus II., Hansen (Figs. 79 6, 100 
and 101), is a very dangerous disease yeast (yeast turbidity) 
in bottom fermentation breweries. The spores are 2 to 5 ft 
in size, seldom 4 to 5 fi. 

At 35° C, uo spores develop. 
„ SS'^ to 34° C. the first indications are seen after 31 hours. 

,, Zv \j, ,, ,, ,, ,, ,, ZA ,, 

,, B° C. ,, ,, ,, „ „ 9 days. 

„ 4° C. no spores develop. 

The temperature limits for film formation are 36° to 38° 
C, and 3^^ to 5° C. 

The cells of the young film at 13° to 15° C. are distin- 
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guished from the corresponding ones of Sacck. ellipsoidevs I. 
by being chiefly round or oval in shape. 

Two disease yeaats isolated by Will are very closely 
related to this species. The cardinal points in the spore 
formation of these two yeasts are as follows ; For one : — 



At 41° C. no spores develop. 
„ 39° G. the fiiat indications ue 

„ 84° C 

„ 8°tio9°C. „ 

„ 4° to 5° C. no spores develop. 



n alter 23 hours. 
., 11 hours. 



And for the other :— 



At 82° G. no spores develop, 
„ 90° to 31° 0. the first indications u 
„ 28-8'to24=C. „ ,. 



Q after 48 hours. 



^^ 



Piii. 100. — SacchaniMi/eei tllipt"ulen« 
//., HsQsea. Sediment Teaat. «t*- 
( After Huseti.) 




Fio. 101.- 
//.. Hsnsen. Film Urowth st 
3= C. 'f ". {After Hansen 



Saccharomyces Ilicis, Grfinlund, was found on the fruit 
of Ilex Aquifolium. The cells are mostly spherical in shape. 
The cardinal points for spore formation are the following : — 

At 38° C. no epores develop, 

„ 36° to 87° C. the first indications are seen after 22 hours. 
„ 82° C. „ „ ,, „ ,, IS „ 

„ 91° C. „ „ ,, „ „ 20 days. 

„ 8° C. no spores develop. 

Streak cultures on wort gelatine have a mealy appear- 
ance. Wort fermented with this species a.ssumes a disagree- 
able bitter taate. It is a bottom yeast which ferraentn 
17" 
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saccharose, dextrose and maltose ; in wort it produces 2*78 
vol per cent, of alcohol. 

Saccharomyces Aquifolii, QrSnIund, was disoovered on 
the same fruit. It is a top yeast and, judging from the 
appearance of the spores, a culture yeast The cardinal 
points for spore formation are the following: — 

At 80^'' to SV G. no spores develop. 
„ 21\° to 284^ C. the first indications are seen after 29 hours. 

n ^ ^* II II fi II »i *0 „ 

„ 10° to 10^° C. „ „ „ „ ,. 16 days. 

„ 8° to 8^° C. no spores develop. 

Streak cultures on wort gelatine have a shiny appear- 
ance. This species gives to wort a sweet taste with a bitter 
after-taste and ferments saccharose, dextrose and maltose. 
In wort it forms 3*71 vol. per cent, of alcohol. 

Saccharomyces Vordermanni, Went and Prinsen Geer- 
Ijgs, 18, in appearance, similar to wine yeast The cells are 
rounded like a pear or onion; sometimes angular or elon- 
gated cells are found. The number of spores is usually 
four; a film is not formed. Like all the preceding species 
it ferments maltose, dextrose and saccharose, the latter after 
inversion. It forms 9 to 10 per cent of alcohol. The fungus 
is present in *' Raggi," which is employed in Java in the 
manufacture of arrack. 

" Raggi " is made in the form of balls or cakes which consist of rice, 
pieces of sugar cane and other vegetable substances, and are saturated 
with organisms. Among the latter are bacteria, yeast cells and mould 
fungi. The presence of the first of these is not advantageous to fermenta- 
tion, but rather unfavourable if they are in large quantity. The yeast 
cells belong partly to S(icch. Vordermanni and partly to Monilia javanica. 
The mould fungi are the Mucor oryzfp and Rhizopus orysa already de- 
scribed ; they both turn rice starch into sugar, which is then fermented 
both by Sacch. Vordermafini &nd Monilia javanic<i. The first of these two 
fungi gives a very fine arrack, whilst the latter produces an aloohol with a 
bad taste. Here, therefore, a pure culture of Sacch. Vordermanni could 
be employed to great advantage. 
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Saccharomyces pyriformis, Marshall Ward, is active in 
*^he fermentation of ginger beer. The cells are similar in 
hape to those of the Sacch. ellipsoideus group. On wort it 
forms a film composed of pear or sausage-shaped cells. In 
*"*OOiyunction with the Bacterium vermiforme, also found by 
■^.•Marshall Ward, it produces, from a sugar solution con- 
^^^==*taining ginger, an acid frothing beverage, ginger beer, which 

is prepared in many cottages in England, 
iff Saccharomyces Marxlanus, Hansen, was found on 
jprapes. The cells are small, oval or egg shaped, or elongated 
and sausage shaped, often in colonies. When cultures have 
been in wort for some time, bodies form which consist of 
' mycelium-like colonies. When the wort cultures are two 
to three months old a film is just visible, consisting partly 
of short, sausage-shaped cells and partly of oval ones. On 
solid substrata Hansen observed that this species develops 
a mycelium which is similar, for instance, to that formed 
by Monilia Candida. The spores are more or less kidney 
shaped, sometimes, however, round or oval, and usually 
about 3*5 fjb long. After cultivation in wort they are not 
formed particularly easily, but are formed much more 
quickly and in large quantity after cultivation in a nutrient 
solution containing dextrose (the author). 

The cardinal points for spore formation are, according 
to the author, as follows : maximum between 34° and 32° C, 
optimum between 25° and 22° C, and minimum between 
8° and 4° C. 

According to Hansen it gives only 1 to 1*3 vol. per cent, 
of alcohol after standing for a long time in wort. It is 
capable of fermenting dextrose and saccharose, the latter 
after inversion, but not maltose. In a 15 per cent, solution 
of saccharose in yeast water 3*75 vol. per cent, of alcohol 
were formed at 25° C. in eighteen days, and 7 vol. per cent, 
in thirty-eight days. In yeast water containing 10 and 






Fig. 102. — .>!^/«r//<' /•«*//« (/(•<•,< rr/io/wo/fw, Hansen. Spore-beariug cella. -iJt**. (Aftw' 

Hannen. ) 

canst' of turbidity in beer. Hansen has, however, shown 
that ev(3n a lart^e addition of this fungus at the beginning 
or end of the primary fermentation or during storage causes 
no kind of disease in la^er beer. 

Saccharomyces anomalus, Hansen (Figs. 83 and 102), 
was found by Hansen in an impure brewery yeast from 
Bavaria. This fungus was also found later in English and 
Belgian beer, on o^*een malt, on bran, in syrup of althea, 
in soil and on fruit, cjj., plums. 

In wort it produces fermentation very soon, both at 
ordinary room temperature and at 25° C. At the very be- 
ginning of the fermentation a dull grey film is formed; during 
fermentation the liquor is turbid and a smell like fruit ether 
is developed. The microscopic appearance of the vegetative 
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15 per cent, of dextrose it formed, in a month, 6*5 aaiiB eel 
vol. per cent, of alcohol respectively. | ^ 

Saccharomyces exiguus, (Reese) Hansen, wasfoosdi 
general in pressed yeast. This species is distingaidHi 
from the preceding one in that it does not develop my* I T 
oelium-like colonies in wort nor mycelia on gelatine. Tk 
formation of spores is scanty ; here also only the semblioft 
of a film is formed after several months. Like the pwod- 
ing spi»cies it is incapable of fermenting maltose. It formed 
i\ vol. per cent of alcohol in a 15 per cent, solution of 
saccliarose in yeast water. In a 15 per cent dextroR 
solution 8 vol. per cent, of alcohol were formed in fourtea 
<lays at 25 C. 

Formerly the opinion was held that this species was the 
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cells is reminiscent of a Torula, They are small, oval and 
sometimes sausage shaped ; many of these are found parti- 
cularly in old cultures. After some time cells with spores 
may be found both in the film and in the sediment yeast. 
Two to four spores are formed in each cell ; these are dis- 
tinguished from the spores of all other saccharomycetes by 
their shape. They are, in fact, hemispherical with a project- 
ing rim round the edge of the flat side, i.e., hat-shaped. The 
diameter of the flat side, not including the rim, is 2 to 8 /i. 
Nielsen found the following cardinal points for spore 
development : — 

At 34® G. no spores develop. 

,, 82^** to 32** C. the first indications are seen after 19 to 21 hours. 
,, 3(r C. „ „ „ ,, ,, 17 to 19 „ 

„ 7i° to 6° C. „ „ „ „ „ 13 to 14 days. 

„ 3° to 2\^ C. no spores develop. 

The shape possessed by the spores of this species is 
also found in those of Endomyces decipiens, a fungus 
which appears as a parasite on a mushroom (Agaricus 
melleus), on the lamellsB of which it spreads itself as a 
whitish layer. In spite of the similarity of the spores, 
however, Endomyces decipiens has no genetic connection 
with Sacch. anomalus. Further, the spores of the latter 
on germinating form buds, whilst those of Endomyces form 
germ threads ; in this latter species no budding takes place 
at all. 

According to Nielsen s experiments, Sacch. anomalu^ in 
wort forms 0*9 vol. per cent, of alcohol and ester in eleven 
days. W. Seifert states that the ester formed here is 
ethyl acetate, and that in wort containing alcohol the 
species forms acetic acid and decomposes the alcohol into 
carbonic acid and water ; a prolonged action of the fungus 
destroys the acetic ester. According to Nielsen, it causes no 
fermentation in maltose solutions, and secretes hardly any 
invertase. 
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Related (onus have been found by Holm, TfiifiiMi. lindDer. f i 
/eidl«r aud the aathor. Lindner found one of thU kind, among ouf&i 
till Arinoiiiau bovorage. " Mazun *\ Jorigenfien states that hebufnoei 
n lti*.«Hl (.trin in Knglish top fermentation beer which had ycact ivM^ 
In bottom fonnentation boer it has been observed several tim«,bQ:B0K 
undtr HUi-li I'onditionii that it could be looked upon as a disease jeta. 

A s{H'iMt*s which also has hat-shaped spores has been named .Sia:d 
.itu'ttuilus, rnr. M(ficti», by Lindner: it ferments neither maltote.deitfit 
n >r -^at-rharoso, and produces no smell of fruit ester. Beijerlnck deechba 
H tvpi<-al Sthih. tiMonuilux under the name Mycodrrma j*nireruienia : dihiai 
]\.i\v alst» i'.ftliitril new related species. 

Saccharomyces membranaefaciens, Hansen, was foond 
in a ;^^t'latiii()iis mass wliich had developed on the injunjJ 
roots t)!" an olin tive. It was also found later by Koehk 
in th»' wat* r from a jx)! luted stream, and by Jurgensen in 

while wiiH's. 

The >|H'iMi»s (luickly forms, on the whole surface of tht 
\vt»rt. a stronc^rly aeveloped, light gray corrugated film, con- 
sistin;^ (ihirtlv of sausaj^e-shapeil and elongated, oval celt 
rich in vacuok.s ; wort gelatine is liquefied very quickly by 
it : it forms on this substratum dull gray colonies, often 
witli a riMMish tin;,a\ They are similar to the colonies of 
Ml/fUi'Icrmd rcrcrislit' and .1/. lini. 

Thr sliapi* of tlie spores is very variable ; they ai'e often 
rouinled and sometinit's inclined to a hemispherical sliape. 
They are formed in hir^a* quantity both on gypsum blocks 
an<l in tihns. 

This species is (liatin<(uished by its inability to form 
alcohol ; it produces fermentation neither in saccharose, 
<lextrose, maltose nor lactose solutions ; it also secretes no 
invertase. 

Nielsen found that - 

At 85'^ no spores devolopecl. 

,, 33J^ to H3^ C, tlic first iudicalions are soon after 19 to 21 hours. 

„31°to30iM;. , „ „ 17 to 18 „ 

„ 7r to 6=' C. „ „ „ ., „ 6 to 7 davs. 

„ 3'' to 2r C. no spores developed. 
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^* W. Seifert found that Sacch. membraruBfaciens grows even 

. n the presence of 12*2 vol. per cent, of alcohol. In an 

rrr^rtificial nutrient liquid (Pasteur's solution) with 4*8 vol. 

' *per cent, of alcohol and an addition of malic acid it formed 

"O'llO per cent, of glycerine in fourteen weeks; during the 

--•same time 3*8 vol. per cent, of alcohol disappeared. It 

^ hardly attacks tartaric acid at all, nor citric acid, but malic 

Acid. Acetic and succinic acids are completely consumed 

by it. The acetic acid and glycerine formed are again used 

up. In dextrose solutions (not in those of saccharose or 

maltose) it forms fixed and volatile acids. It destroys the 

bouquet of wine, the esters present being broken up, while 

new and less favourable ones are formed. 

Seifert found in Crimean wine a variety which he calls Sacch. meni- 
hrampfadens var. tauricus. The latter stops growing in the presence of 
12*2 vol. percent. of alcohol. The maximum temperature for spore forma- 
tion is 34° C, the minimum temperature 6° to 6° C. 

Seifert also isolated another form from Califomian claret, viz., Sacch. 
tnenibranafaciens var. calif omiciis, which is capable of growing in the 
presence of 12*2 vol. per cent, of alcohol. The temperature maximum for 
spore formation is 33*^ C, the minimum 7° to 12° C. 

Both of the latter forms are further distinguished from Sacch. inem- 
hran<efaciens, Hansen, by their forming much less glycerine in the above 
Pasteur solution and being able only to attsbck alcohol to a small extent. 

Other related forms are described by Pichi under the names Sacch. 
fnembratupfaciens II. and ///., and by Lindner under the names Sacch. 
Jiyalosporus and Sacch. farinosus. 

Saccharomyces Bailii, Lindner, was isolated from Dan- 
zig Jopen beer. It ferments dextrose, inverts saccharose, 
and is distinguished by its developing extremely remark- 
able amoebiform cells in old cultures. It forms no film. 

Saccharomyces mali Duciauxi, Kayser, which was found 
in cider, is described as follows : The cells are 6 to 12 /x 
long and 4 to 7 /^ broad and form an easily disturbed 
.sediment. They are moderately sensitive to acids, and die 
off at about 55° C. Spores appear at 15° C. in thirty hours. 
This yeast ferments neither saccharose nor maltose, but 
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ferments invert sugar and imparts a distinct bouquet to the 
fermented li(}uid. 

Saccharomyces cartilaginosus, Lindner, was found in 
Kefii'. The species ferments in wort and gives to it a some- 
what smoky taste ; like Scutch. Pasforianus III. it forms much 
frilled giant colonies and streak cultures. The plasma is 
peculiarly gi'anular. On the surface of the wort after' some 
weeks, small well-defined island colonies are formed^of some- 
what compact, almost gristly consistency. Coalescence of 
the islands into one single layer does not take place. The 
sediment yeast is ilocculent. In contradistinction to the 
following species it does not ferment milk sugar. 

Saccharomyces fragilis, Jorgensen, was also found in 
Kefir. It ferments milk sugar. Jorgensen gives the follow- 
ing description : The growth consists of comparatively small 
oval and elongated cells. In cultures on gypsum blocks 
spore formation appears distinctly at 25° C. in twenty 
hours, at 15" C. in forty hours. The long, rounded shape 
of the spores is characteristic. These form both in ferment- 
ing liquids and on gelatine. In 10 per cent, lactose-yeast- 
water the species gave about 1 part per cent, by weight of 
alcohol at the nyom temperature in eight days ; after four 
months it gave 4 parts per cent, by weight of alcohol. In 
hopped wort (about 1 1 per cent. Ball.) it produced about 1 part 
per cent, by weight of alcohol at room temperature in ten days. 

Hy Kefir, as is well known, is understood the beverage which originated 
in the Caucasus and is prepared there by fermenting milk. This fer- 
raeutatioii is brought about by the so-called Kefir grains, which are yellow, 
hard granules of the size of a pea. The mode of preparation in the 
Caucasus consists in placing the milk in goatskins to which the above 
corns are next added ; it is then all shaken up from time to time. After 
a few days the drink is ready. The Kefir grains are taken out and kept 
for another fermentation. During fermentation, alcohol, lactic acid and 
carbonic acid are formed ; these products are formed by the accidental 
co-existence ^ of various organisms of which the number and species are 

' In literature Kefir fermentation and other similar fermentations 
{e.g., that of ginger beer) are represented and explained as the results of 
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very variable. Freudenreich found, in the Kefir grains examined by him» 
a Torula and three bacteria, among these the Bacillus caticasicus. The 
last appears to be always present with an alcoholic yeast fungus. Besides 
the two saccharomycetes mentioned, several other species of Saa^hon 
romyces are cited as being found in Kefir. 

In Armenia a beverage called Mazun, similar to Kefir, is prepared from 
milk. According to Emmerling the exciter of fermentation consists of a 
white, fatty, cheese-like mass which can be preserved for a long time. 
After a short time it produces alcoholic fermentation in the milk ; simul- 
taneously the casein coagulates, acid being formed, and a smell of fatty 
acid ester is developed. In this mass Emmerling found the following 
micro-organisms : yeasts among which were a number of coloured species, 
Oidium lactis, some other mould fungi, a yellow Sarcina and the common 
hay bacillus {Bacillus subtilis)^ also some cocci and the Bacillus acidi 
lacticif Hueppe. The last-named and the cocci turn the milk sugar into 
lactic acid ; the milk sugar is also hydrolysed and thus rendered sus- 
ceptible to the attacks of the yeasts. This fermentation is thus also the 
result of a fortuitous co-existence of bacteria and yeasts. As already 
mentioned, Lindner found Sacch, anonialus in this beverage. 

Finally, we shall describe another species of Saccha- 
romyces which was found in the exudations from oak trees, 
namely, 

Saccharomyces Ludwigii, Hansen (Figa 77,84 and 85). 
— This species is the transitional form to the next genus, as 
with it something between a typical budding and a simple 
division takes place. It is in many respects so remarkable 
that it deserves a somewhat closer description. It is pro- 
bably the only Saccharomyces which can be immediately 
recognised by microscopic examination. Although the 
vegetative cells possess all possible shapes, the lemon shape 
is the most prominent ; it reminds one somewhat of that 

a symbiosis. Tbis does not agree with the original signification of the 
word, since in the cases cited it is only a question of a casual co-existcucc, 
a mixed fermentation ; otherwise every fermentation in which two or 
more species appeared would be a symbiotic fermentation. By symbiosis 
was formerly understood an intimate relation which is, physiologically, 
beneficial to both participants, and the lichens were given as an example 
of a real symbiosis. But there is nothing analogous in the above fer- 
mentations. There is really no longer a definable idea attached to the 
word symbiosis ; it would therefore be best to cease using the word. 
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of Sacch, apictdatus, but the cells are far larger, and, 
besides, the appearance is quite different The first stages 
of new growth are as in the preceding saccharomycetee: 
at a point on the cell a wart makes its appearance; but 
instead of a regular budding a septum appears by means 
of which the new cell will cut itself off The genus Schizo- 
saccharomyces has no budding whatever ; but inside the cell 
this septum is formed. Thus Souxh. Ludivigii is in this 
respect related partly, and in fact most nearly, to the 
real saccharomycetes, and partly to the schizosaccharomy- 




Fu'.. \(y'i.—Sc/uzijttficrh<iritm}/rcji I*omb€^ Lindner. Vegetative and spore be&ring 
cells. /(, (Jerminating spores. «-p. (After Lindner. ) 

cetes on account of the septum formation. Under certain 
conditioas it forms a typical mycelium, especially in old 
cultures (p. 109, Fig. 77). 

Hansen's researches on spore germination (Figs. 84 and 
85) have been already alluded to. In this respect the 
species is also distinguished from the other saccharomycetes 
and might well be classified as a separate genus. During 
germination a promycelium is formed and the yeast cells 
are developed from the latter. Coalescence of the young 
spores usually takes place in the early stages of germination. 



ft 
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'Wiis species forms spores very easily on gypsum blocks 

gelatine, and also in various nutrient liquids, e,g,, in a 

cent saccharose solution. The spores are round, and 

4 /A in diameter. According to Nielsen the cardinal 

of spore formation are the following : — 

At 84® no gpores are formed. 

», 82** to 82^° G. the first indications are seen after 19 to 21 hours. 
t, 30^ 0. „ „ „ „ „ 18 to 19 „ 

6^*»to7i°0. „ M „ „ „ 18 to 14 days. 

2\^ to 8® G. no spores are formed. 

Sacch. Ludwigiit according to Hansen, ferments dextrose 

saccharose but not maltose. In dextrose-yeast- water it 

produce up to 10 vol. per cent, of alcohol, but in beer 

^^^ori only 12 vol per cent. In a saccharose solution it 

CK>nietimes dies off rather quickly, a behaviour contrary to 

tliat of most of the other Saccharomyces specie& 

2. Oenus : Schizosaccharomyces, P. Lindner. 

Vegetative increase takes place by fission and not by 
budding. This fission occurs through a septum being 
formed nearly in the middle of the cell ; the septum splits 
and the cell divides into two cells often hanging together as 
if by a hinge. 

Schizosaccharomyces Pombe, P. Lindner (Fig. 103), was 
found by Saare in Pombe (negro millet beer) from Africa. 
The two ends of the cells are often different ; one is rounded, 
the other is encircled by a well-defined circular ridge which 
encloses the newly formed conical membrane. In exhausted 
culture solution the cells become shorter. 

Spores are formed to the number of 1 to 4 in each 
ascus ; they form more easily in culture liquids than on 
gypsum blocks. Germination takes place by means of a 
germinating tube. A film is not formed. The optimum 
temperature for the growth is 30° to 36° C. Thia species 
forms much alcohol, the large amount of which has no 
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::%. ^x>rdiDg to Seiter they are formed on gypsum blocks at 
^ Qiin six to seven hours. This species develops no film on 
i::^ • rt, but at room temperature a weak yeast ring is formed 
^ ^ a month. 

It -ferments maltose and dextrose, but not saocharose. 

^^Aionning states that this fungus forms in beer wort 

. .bout 14 per cent Ball.) i-Q vol. per cent, of alcohol in 

- iree weeks-at 25° C, and 6'56 voL per cent, of alcohol in 

_ 'are months. 



""^^^^ 



Schizosaccharomyces mellacel, Jorgensen, was isolated 
by Greg from Jamaica rum. The spores of this species are 
stained blue by iodine in potassium iodide (Holm). Alto- 
gether Greg is said to have found eight species of Schizo- 
aacckanmvycei in the mashes in rum manufacture. 

Order II. — Perisporacete. 
The asci are enclosed in the so-called perithecium ; the 
latter is an envelope more or less spherical, completely 
closed, and consisting of one or several layers of cells (Fig. 
106 e). 



272 FERMENTATION ORGANISMS 

The conditions governing tiie formation of these peri- 
thecia have been studied by Hansen and Klebs. Hansen 
made most of his experiments with AnixiopMis itercoraria^ 
Hansen, a fungus which grows in the open air on manure, 
and which also thrives in wort and on wort gelatine. He 
found that in cultures on wort gelatine and wort agar 
gelatine the limits for mycelium formation lie in the 
neighbourhood of 36° C. and 2'' C. At 26"* G a vigorous 
formation of perithecia takes place, but it is over long be- 
fore 35'' C. iH reachetl, and its minimum limit is near 8** C. 
It Ls thus seen that the temperature maximum for the de- 
velopment of the mycelium and gemmas lies remarkably 
higher than for the development of perithecia, and also 
that the development of mycelia and gemma) has a 
lower minimum temperature than the development 
of perithecia. Therefore, growths may be prepared, 
according to wish, with or without perithecia. This 
behaviour is exactly the same as he observed in the 
saccharomycetes as described already (p. 210), namely, 
that the budding of yeast still proceeds at temperatures 
which, on tlie one hand are higher, on the other are 
lower, than those at which spore formation can take 
place. He puts this down as a general rule for most 
fungi. 

Klebs found that perithecium formation can always be 
brought about with absolute certainty in Aspenjillus repens, 
de Bary, on new bread between 25° and 32° C. Below 
25° C] the result becomes uncertain ; between 12° and 
22^ C. no fructification is in general observed. On culti- 
vating this species on 80 per cent, dextrin he further 
found that only conidiophores are developed if the cul- 
tivation takes place at 16", but that if a temperature of 
28° C. is employed, the growth consists almost entirely of 
perithecia. At 15° C. formation of perithecia also takes 
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place, but only if the formation of conidia is in some way 
restricted. 

Vegetative increase occurs in many of the allied forms 
by means of conidia. Several species form sclerotia. This 
term is applied to certain hard tubercular bodies which 
have a rind, and are often dark coloured. They consist of a 
thick web of mycelium threads, and serve for storing reserve 
food stuffs. After a period of rest, the length of which 
varies, they germinate into fruit carriers or fruit bodies. 

The Perisporace» are,* with the following order, the 
SphseriacesB, divisions of the Pyrenomycetes. 

Several Aspergillus and PenicilUum species cause much 
damage in breweries by attacking the barley and malt, par- 
ticularly the broken grains. J. Rauscher has carried out 
comparative experiments with wort from mouldy and non- 
mouldy malt and Lott later obtained the same results, viz. : 
(1) that mouldy malt gives less extract than normal malt ; (2) 
the ratio between sugar and non- sugar diminishes ; (3) the 
quantity of fermentable material decreases so that beer 
prepared from mouldy malt contains less alcohol ; (4) the 
quantity of acid in the wort increases. On the other hand 
he found, in contradiction to previous observers, that the 
malt attacked by the mould does not cause a mouldy smell 
or taste in the wort nor in the beer prepared with it. Prior 
mentions that beer can of itself assume a mouldy taste, if it 
is merely lying in a mouldy cellar. 

In laboratories these fungi may be kept, either in the 

dry state in filter paper, or in a 10 per cent, saccharose 

solution. In both cases they live for a great number of 

years. In the case of Aspergillus glaucus, Hansen found 

that this species kept alive in a paper preparation for 

more than sixteen years, and Anixiopsis stercoraria lived, 

under the same conditions, for more than twenty-two 

years. 

18 
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1 Moulds (Aspergillele). 

Oil tliC' c ^hores are flask-shaped bodies, sterigmaU 

or liasidia. fix>in which the conidia are formed by abstric- 
tioii (Figs. 100 1,2, 107 and 108 a). 

1. Genus : Aspergillus, Micheli, 

The end of the conidiophore is inflated into a head. On 
this h(*ad the numerous small flask-shaped sterigmata are 
fVminl from which the conidia are either directly detached, 
or the former all l^ear several smaller sterigmata from 
which the conidia are developed. Those species, in which 
the latter form of development takes place, are often 
ehissiHod in a genus by themselves : Sterigmatocystis, van 
Tio;^hein. Species are found, however, which exhibit both 
forins. 

Ascus fructification (Figs. 106 5, e) is known only in a few 
species vvliich vv(?re formerly reckoned in the genus Eurotium, 
ainl vv(; really ou<^ht therefore to class only these species with 
ihr. aseoiiiycetes till something further is known, while the 
otiiers w()ul<l he phiced among the Fungi imperfecti. It 
was first demonstrated by de Bary that Aspergillus is the 
eonidial stage of Kurotium. In some species a formation of 
sch^rotia takes place without any api^earance of asci, and in 
single forins gt^ninia formation is said to appear under 
certain conditions of culture. Contrary to the following 
genus, Pr flic ill i ion, in which growth goes on at very low 
tempel•atu^^s, a/,^ near 0°, the aspergillsB favour higher 
temperatures. 

Aspergillus glaucus, de Bary (Figs. 106 e-s), is a general 
(hvsignation for several species among which A, repent, de 
Harv (Fig. 107 i-i), may be mentioned specially. The 
gn)wth forms on the substratuin a covering at first bluish- 
green and later bi'ownish. The conidia are 6 to 15 /a in 
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diameter, spherical or somewhat ellJ*''' <' and slightly 
warty. The peritheeia, which are ii lOrm of little 

yellow balls, appear in large quantity wht. ^le cultures are 
set away. (On the effect of temperature on their formation, 
see p. 272.) According to de Bary they are formed in the 
following manner : From the mycelium, side branches are 
developed which, after having stopped growing, become 
spiral shaped at the point (Fig. 106 3,4). De Bary calls 
this screw or spiral the ascogonium. Side branches develop 
at the base of the latter and grow up ; one reaches the end 
of the spiral first and the two grow together (Fig. 106 4) so 
that the plasma masses unite and fructification takes place 
by this means. The side branches all ramify and become 
divided by septa. The result of this is that finally a cell layer 
is formed round the ascogonium (Fig. 106 5) ; the former be- 
comes yellow and forms the wall of the perithecium. Small 
branches grow out on the inside and also ramify so much 
that the whole space between the wall and the ascogonium 
is filled with a delicate texture (Fig. 106 5). The spirals of 
the ascogonium are thus separated, these having meanwhile 
been divided up by septa, and buds now grow at various 
parts of them. The latter branch and form asci at their 
ends (Fig. 106 «, 7), in which are produced 8 colourless spores 
about 8 to 10 /i in diameter, lens-shaped and provided with 
a grooved rim (Fig. 106 8). 

Duclaux states that this fungus forms diastase which 
changes starch into dextrin and maltose. 

It is extremely widespread in nature on dead plants and 
animal matter. 

In maltings it occurs, as already stated, mostly on 
damaged grains. J. Behrens mentions that these and re- 
lated forms can be found on hops, which then have a brown 
colour ; it probably attacks the constituents of hops, trans- 
forming the salts of organic acids into carbonates. 

18* 
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u, lWi.-.l«j"--;/;""i <7''«», di Bary (1-,'.), mi.l A. glatKHi, da Bu-y (fl-8). 1. 
Coiiirlioplinrt'S with agiore t1iain:<. 2. Auottier without the spore chaiDS, in 
onler In »ho« tile Rteriemntn. 3, 4. Pnweu or fnictificatioD. 6. Latitudinal 
seclinti of a yoiiii|i poritheL'iuiii. the spiral aaeofiaainm in tht middle ; On 
outer shnilnl part repceaetitH a piece of th« eitemal jrellaw cohering. 6. 
Loiigitiiciiiinl HUiitioii of an almost ripe peritliecimn ; tht aaci, soma containing 
spores, can l>o eiisily recognised. 7. A ripe aacus. 8. Aacoaporea leeu from 
different sides. {After da Bary.) 
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t Aspergillus oryzae, Ahlburg.— The growth is at first 
ellow or yellowiah-green and later brown. The eonidia 
re either smooth or slightly wai-ted, and are 6 to 7 /z in 
iameter. Perithecia have not yet been found; under 
certain unknown conditions sclerotia are formed (Schionning 
-""^nd the author). The optimum temperature for the growth 
ies above 30° C. It forms both maltase and diastase. 

The species plays an important part in East Asia, where it is employed 

n account of its powerful diastatic action in the manufacture of sake. 

, or rice beer, has been the national drink of the Japanese for thousands 

f years. Its preparation is carried out in the four following stages : (1) Pre- 

ion of " koji " ; (2) preparation of *' moto " ; (3) the true fermentation ; 

Bind (4) pressing and clearing. The whole process lasts from November till 

February. It is begun by the above fungus transforming the rice starch 

'into sugar by its diastatic action ; the sugar is then fermented by one or 

Tnore alcoholic yeasts either taken from the air or accidentally present in 

'the material. It is thus an impure fermentation. ** Koji " consists of rice 

grains which are grown over and penetrated by the mycelium of the 

fungus. It is prepared by sowing the eonidia of the fungus, a yellow-green 

powder, " tane-koji,*' on steamed rice, the former then being allowed to 

germinate at 20° to 25° C. One vol. of eonidia is said to turn about 40,000 

vol. of rice into koji. The process is completed in the course of a few 

days. **Moto" is made by mixing steamed rice with water and koji to 

form a thick soup. After some days the whole mass begins to liquefy, the 

diastase of the fungus turning the starch into a solution of sugar. During 

this process the temperature i8 only a little above 0°. Fermentation then 

begins of itself, whereupon the temperature is raised to about 20° C, and 

later to 30°-35° C. After fourteen days the " moto " is ready ; it is a 

liquid containing sugar, alcohol and lactic acid and particularly yeast 

cells which are used in the true sake fermentation. For the latter a large 

quantity of steamed rice, koji, moto and water is mixed up, and the whole is 

stirred up into a soup, placed in a fermenting vat and left to itself. The 

process finishes in two weeks. The fermented liquid is then pressed out. 

In the year 1888-89, 72 million hectolitres (4-4 million barrels]^ of sake 

were manufactured in Japan ; from this the extensive use of the fungus 

may be seen. 

Aspergillus fumigatus, Fresenius, has eonidia which are 
at first bluish-green and later brown. According to Cohn it 
is the cause of germinating barley, which has not been 
properly turned, becoming warm. This species causes 
diseases in the air passages of mammals and birds. 

Aspergillus niger, van Tieghem, belongs to the sub-genus 
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Sterijmatocystis, its Hterigmata being branched. The colour 
of the growth is black. The conidia measure 3*5 to 4*5 /* 
in diameter, and are furnished with small warta. It forms 
spherical or cylindrical brownish-yeUow or reddish -brown 
sclerotia, which are 0*5 to 1*5 mm. in diameter. 

The fungus contains diastase, maltase, invei*tase and 
emulsin, and, according to van Tieghem, breaks up tan- 
nin into gallic acid and glucose. Wehmer states that it is 
one of the most active producers of oxalic acid, turning half 
of the sugar exposed to it into oxalic acid. It is not always 
capable of doing this, however ; perhaps in this there are 
two similar species concerned. It belongs, like the preceding 
one, to the pathogenic species. 

2. Genus : Penicilliumy Link. 

The conidiophore has septa and has short branches near 
the top. On the latter, as well as on the main axis, are 
formed flask-shaped sterigmata, on which are chains of 
conidia (Fig. 108 a). Sometimes the conidiophores are fas- 
ciculated ; this form of development was formerly classed 
in a separate genus, which was called Caremium. Ascus 
fructification has been observed only in a very few species : 
it was found by Brefeld in P. ijlancum and by Zukal in 
P. luteum, and is a somewhat rare occurrence in these two 
species. But it is said by Ray to occur frequently in P. 
aacchari. The conditions of its formation are not known 
with exactness, and it is thus always a matter of un- 
certainty whether this fructification will be obtained, 

Wortmann found living Penicillium conidia in wines 
which were many years old and contained a high percentage 
of alcohol ; their resisting power thus seems under these 
circumstances to be very great. 

Penicillium glaucum, Link (Figs. 107 and 108) (P. ci-us- 
taceum), is a collective species under which are grouped a 



■S^_ PENICILUUM 279 

' -T^B* Dumber of forms which differ only slightly, and which 
, -dD scarcely be distinguished from one another by means of 
2_'kB characteristics at present at our disposal. The colour of 
- ae growth, initially white, then bluish-green, later grayish- 
,Teen, and Snally often grayish-brown, is common to alt. 
^^e conidia are spherical, and 2'5 to 4 /« in diameter. 




The ascuB fructification discovered by Brefeld proceeds, 
according to him, in the following way : A yellow or brown 
sclerotium is first formed, 1 to I'S mm. in diameter ; this is 
produced by a screw-shapeil ascogonium developing on a 
mycelium thread and being surrounded by a growth con- 
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siating of branched mycelium threads, which grow up partly 
from the base of the ascogonium and partly from the myce- 
lium. This growtli becomes gradually denser and harder ; 
the ascogonium enlarges and its branches force themselves 
in all directions between the middle growth, consisting of 
thinner-walled cells. When such a sclerotium, fully ripe, in 
place<l on damp filter paper, the ascogenous threads sepa- 
rate and puHli out thick side branches, the links of which 
finally change into asci. At the same time thin threads 
develop from the ascogenous hyphse which penetrate into 
the sterile growth and dissolve it up The foodstuffs thus 




obtained are taken by the tine threads to the ascogenous 
hyplue. Finally, the diMHolving process progresses ao far 
that only the peripheral rind remains, while the iiiside 
appeuiM filled ii]) with apore masscH. Perithecium forma- 
tion takes place, according to Brefeld, only by abundant 
iKiiu'ishmcnt on bread. The aseospores, eight in each 
asciiH, are yellowish, elliptical, ;> to 9 ;t long and 4 to 
7 fL liroftd. 

The cardinal temperatures for the gi-owth vary, accord- 
ing to Thiele, with the sulistratum. Thus the fungus is 
said to grow at 35° to 36" C. if glycerine and sodium formate 
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ipresent, whereas 4 per cent, of grape sugar impedes 

fth at a temperature above 31° C, The temperature 

;iiiiiium is, on the contrary, unchanged by the substances 

i>- j£ Pasteur states that the conidia are killed if exposed for 
,5S.if an hour to a temperature of 127° to 132° C. ; at 119° 
Xj. ^ 121° C. they retain life. According to Lesage they are 
lied somewhat quickly by alcohol vapour, the times being 
^» days, nearly one day, and two hours when subjected 
J the vapour from 22*5 per cent., 45 per cent., and 90 
^^•er cent, solutions of alcohol respectively. 

P. glaucum contains diastase and maltase (Bourquelot), 

ilso a ferment which inverts cane sugar, and emulsin 

^^Q^rard). The diastatic action is, however, weakened if the 

f^ content of the substratum in sugar increases ; in a 10 to 15 

per cent, cane sugar solution this fungus forms no diastase 

(Katz). It, further, breaks up tannin into gallic acid and 

glucose (v. Tieghem) and mandelic acid into its two optically 

active isomers, using the levo-acid in building up the cells 

(Lewkowitsch) ; this is said by Pfeifer, however, to be 

dependent for the most part on external influences. Under 

certain conditions it is said to be capable of forming mannite 

as the product of decomposition (Muntz). Rotten grapes 

with Penicillium growth may therefore produce a sick 

wine containing mannite. Calcium oxalate is deposited 

in the perithecia. 

Mention of its occurrence on barley and malt, and its 
injurious action on wort and beer is to be found on 
p. 273. 

When it is present in grape must, fermentation is much delayed. 
Miiller-Thurgau is of the opinion that the cause of this is the formation of 
injurious substances, for fermentation is also restrained when the fungus 
is removed from the liquor before the addition of the yeast. Miyoshi 
found that it forms a specific protoplasm poison, and J. Behrens has 
shown experimentally its poisonous action on yeast as regards both 
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fermentation and fermentative power. By a stronger nutrition of the 
yeast, e.g., by addition of peptone to the nutrient solation, he snoceeded 
in stopping this injurious action. The fungus causes the mouldy taste in 
\vine, as well as a cork or stopper taste, by growing through the cork of 
the l>ottle (Wortmann). Like Aspergillus^ it attacks hops, colouring them 
brown. 

P. ijlaiwum is very widespread in nature, and the air is 
full of its conidia. It is, therefore, one of the most danger- 
ous quests in the laboratory, all the more as it only requires 
a very small (|uantity of nutriment for the support of life ; 
but it also recjuires a certain amount of moisture. Witli 
regard to temperature, too, it is not particular ; it thrives 
well at alx)ut 0". It is frequently met with on fruit, kernel 
as well as stone fruit, and it is said to be able to penetrate 
the uninjured surface of grapea Wehmer found it in 
herrino^ pickle, and isolated it by means of plate cultures 
on nutrient gelatine, containing 10 per cent, of common 
salt, on which substratum it grew easily. 

It })etrays its presence by its characteristic smelL 

Order III. — SphariacecB. 

The fungi belonging to this order have, with one ex- 
ception and contrary to the PerisporacecB, an opening in 
the dark-coloui*ed perithecium. Conidia fructification takes 
place. This or<ler includes a very large number of 
parasitical species. 

iienu.H : Splicerclla, Ch. and de Not, 

The almost spherical perithecia are set in the epidermis 
or in the uppermost layers of the web of the host and 
end in a simple, uncommon, papilla-shaped opening of 
fine skin-like consistency. The asci are connected in 
bundles ; the spores are two-celled and colourless (seldom 
coloured). 
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Sphserella Tulasnei, Janczewski (Fig. 109), forms dark- 
coloured perithecia, frequently pear-shaped (Fig. 109 7), 0*3 
to 0*4 mm. long and 01 5 to 0*20 mm. in diameter. At its 
surface, chiefly at the neck, numerous mycelium threads are 
often found which develop conidiophores (Fig. 109 7). The 
perithecia contain asci with eight spores (Fig. 109 8, 9), of 
which the topmost is larger than the othei*s ; its size is 28 fi 
in length and 6*5 /li in diameter. 

The conidial form is one of those fungi which were 
formerly called Cladosporium herbarum, Link (Fig. 109 1, 2, 3). 
This name has been used, like Penicillium glaticwm^ Aspergillus 
glaucus and others, to designate several fungi. It is now 
impossible to say which species Link meant. Common to 
all is the mycelium, at first clear like water, and later olive 
green or brown, which sends out conidiophores that ab- 
strict brown conidia often many-celled. The form named 
Cladosporium herbarum by Janczewski corresponds with that 
usually so called (Fig. 109 1-4). He describes the conidia 
as oval, either undivided or 2 to 5 celled (Fig. 109 5). In 
the largest varieties they are 25 fi long and 10 fi broad ; in 
the smaller forms they are only half as large. Their cell 
wall is olive brown, often warty, but smooth in the smaller 
variety. The young mycelium is uncoloured, and only 
assumes the olive brown colour gradually. For the rest, the 
appearance may be made out from Fig. 109. 

Janczewski showed, by experiments with seedings on 
barley and rye, that this fungus is the conidial form of the 
above Spharella Tulasnei. It grows here as a saprophyte, 
not as a parasite. As soon as the conidia were brought to 
germination on nutrient gelatine, a piece of the gelatine 
with germinating conidia was placed on a cut rye leaf which 
was kept in a very damp atmosphere. The mycelium then 
grew up; as soon as the point of the latter reached one of the 
stomata in the leaf, it forced its way through this into the leaf, 
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it continued to grow. When the seeding was done 
inter (and only when done during the latter season), 
:inyceliura often developed sclerotium-like bodies (Fig. 
09 e), which were then transformed into perithecia. 
"anczewski never found these bodies in nature on the 
^aves of any kind of corn. Placed on nutrient gelatine 
they were covered by mycelium threads extending radially 
and often in large quantity. After a few days this 
,mycelium formed conidia. The transformation of sclerotia 
into perithecia takes place quickly. The ascospores germi- 
Bnaie easily on nutrient gelatine, and, in a few days, develop 
^mycelia with the conidial form Cladosporium herbarum; at 
^ . the same time certain peculiar organs (Fig. 109 10) appear, 
_ the function of which is not known, and which are often 
found in the immediate neighbourhood of the conidiophores. 
Cladosporium herbarum is very common on both dead and 
living plants. In breweries this fungus appears sometimes 
in large quantity on the walls of cellars ; it is also found on 
malt, hops, etc. Like some other mould fungi it can give a 
cork taste to wine (Wortmann). It is not defined yet in 
how far it is identical with Hormodendron cladosporioides 
(Fres.) Sacc., yet both fungi are extremely like one another 
and the latter is probably often called Cladosporium. Jan- 
czewski says that he never succeeded in transforming 
Cladosporium into Horw>odendron ; but the mycelium devel- 
oped on the above sclerotia sometimes exhibited a develop- 
ment of conidiophores similar to those of Hormodendron, 
Another similar fungus is Fum^o, very thoroughly studied 
by Zopf, which is specially to be recommended to those 
who intend taking up this question. 

Order IV, — Discomycetes, 

The ascophores are open and have a very varied appear- 
ance ; they may be either cup, disc, mussel or hat shaped. 
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The sporee of these aad may, like the large conidia, give 
either mycelia with large conidiophores or ttmall conidio- 
phores of which the conidia do not germinate. 
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In Botrytis cinerea, P. Lindner frequently observed the 
pheaomeoon of inter-growtli. According to his investiga- 
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tions, an irregular distribution of the plasma takes plaoe in 
the older mycelia, some of the cells storing up lai^ quanti- 
ties of the contents, while others are completely emptied. 
The phenomenon of inter-growth is connected with this 
solely by the fact that the only cells which germinate inside 
the old mycelium are almost always rich in protoplasm. 
Fi^. Ill represents a special case of this kind of germination, 
in which small conidia or spermatia are formed inside the 
cell. At the same time spermatia have also grown out 
laterally on the mycelium thread. 

Oxalic acid is secreted in large quantity by the mycelia 
and sclerotia. Kissling showed that it forms a poison 
which kills living protoplasm. According to J. Behrens 




Fio. Ill,— Srlt'iotiiu'ti FurMinna, de Bary. The Botrytis form. Phenomenon of 
inter-growth. Abstriction of small conidia (spermatia) inside a cell. (After 

\\ Lindner.) 

this poison is not an enzyme. Botrytis turns starch into 
su^ar, and contains emulsin (Gerard). 

This species is very widespread in nature, and occurs on 
all putrefying plant matter. It occurs as a parasite ^ion 
vines, both on the leaves and grapes. 



liotri/fis cinerea may sometimes play an important part in wine 
manufacture. Accordiug to Miiller-Thurgau, under certain circum- 
stances it induces the so-called **Edelfaule" in the grapes, which 
forms the basis for attaining tlie highest concentration of the grape 
juice, and especially for the appearance of peculiar houquet sub- 
stances, the so-called sherry bouquet, in wines ; this occurs when it 
attacks quite ripe grapes, consumes the acid and, by rotting the skin, 
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allows the water to evaporate, and thus increases in a very high degree 
the concentration and sugar content of the berry. Wines thus made 
from over-ripe (edelfaul) grapes ferment very slowly. The cause of this is 
the separation of the protoplasm poison mentioned above, which reacts 
injuriously on the yeast, as was shown by J. Bebrens. This injurious 
action can be prevented to some extent by a more vigorous nourishment 
of the yeast. 

Grape must, in which Botrytis cinerea has been cultivated, contains an 
oxydase which, according to some investigators, causes the disease of wine 
which is known as " maladie de la casse," and which consists in a precipita- 
tion of the colouring material. Culture solutions of Botrytis when mixed 
with equal quantities of sound wine cause the colouring matter to pre- 
cipitate completely in about four hours. The disease may be prevented 
by heating up to 70° C, when the (wydase becomes inactive (Laborde). 

The opinion obtained formerly that this fungus was responsible 
for the smoky flavour of wine, but this is not the case (Mach, Miiller- 
Thurgau). 

B. — Imperfect fungi (Fungi imperfecti). 

A large number of the fungi which have been discovered 
one by one by mycologists cannot yet be classified in the 
system set up by them ; these fungi are therefore grouped 
for the present under the above name. This applies also 
to the following organisms, which are of interest for the 
fermentation industry. 

The Torula Species. 

Originally the name Torula was given to hyphomycetes 
which had necklace-like, single or branched chains, of which 
the round or oval members were separable from one another. 
Later, however, the name included a number of different 
fungus species. Thus Turpin in 1838 calls Saccharomijcefi 
cerevisia Torula cerevisiae, while the name Torula was after- 
wards given by Cohn to the necklace-like chains formed by 
the bacterium genus Micrococcus. Torula was understood by 
Pasteur to include yeast fungi with a very weak alcohol 
formation ; he did not mention whether they formed spores 

or not The species of this kind might, therefore, be true 

19 
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saccharomycetes; this is, however, not the case with Hansen s 
Torula, By Tonda Hansen understandA yeast cells which are 
similar to Saccharomyces, but do not form endospores dot 
develop typical mould growths. As regards the production 
of alcohol they may exhibit this in all degrees. According 
to the view held by the same investigator they wiU 8ome 
tinu* in the future probably be ranked with forms in th«* 
system widely separated from one another. As, however, 
we are i<^iorant on this point as yet, these organisms are 
for the time placed together in a group by themselves. 

After Hansen had made clear the conditions for the 
formation of asjx)rogenous varieties in the saccharomycetes, 
and since such asjwrogenous varieties can be formed in 
nature, it is comprehensible that several forms which appear 
under tin* name Tonila possibly originate in saccharomycetes. 
Tht;re are Torula species which have all the physiological 
characteristics common to the saccharomycetes : this is true 
also as repirds the morphological features, but of course 
with the exception of the property of greatest importanci* 
to the saccharomycetes, riz.^ that of endospore formation. 

Tontlit species are very widely distributed in nature. 
Hansen found them always present in the ground and in 
larirr (juaiitity after winter in the hairy coats of bees an»i 
wasps as well as in their n(*sts. The author also found them 
constantly when investigating a large numberof these insects 
Some of these finigi cause a disagreeable taste and smell in 
wort and, according to Wortmann, also in wines. ITie latter 
author fountl forms, in old lx)ttle<l wines, which make must 
slimv. Rich. Meissner has in recent vears isolated several 
species which cause wine to become viscous (see below). 

Hansen has thoroughly investigated, among others, seveii 
different species, which have, however, received no systematic 
name. These are as follows : — 

Torula No. 1 (Fig. 112).— The cells are 1*5 to 4o /i in 



TORULA 291 

size. After long Btanding in wort, this fungus forms a 
scarcely appreciable amount of alcohol without any trace 
of frothing; it does not secrete any invertase. 

Torula No. 2 (Fig. 113).— The cells are 3 to 8 /ti in 
diameter. The protoplasm becomes granular in wort. 
Otherwise this TortUa behaves essentially like Na 1. 

Torula No. 3 is similar to No. 2. In wort it yields 
i voL per cent, of alcohol with a small but distinct production 
of froth, and does not form invertase. 

Torula No. 4 (Fig. 114).— The cells are 2 to 6 /x in 

^^^^^ 

Fio. 112,— TonUa yo. 1. 1^4. (After Hansen.) 




Fio. 113.— 2V>nite No. 2. -i-Y-ii. (After Hansen.) 

diameter. It inverts saccharose and, in wort, forms a little 
more than 1 vol. per cent, of alcohol with vigorous frothin<r. 

Torula No. 5. — This species soon forms a grey film oviu* 
the whole surface of wort, yeast- water and lager beer ; the 
film is only slight on a saccharose solution. The latter 
sugar is inverted by it ; but in wort it produces no note- 
worthy fermentation and correspondingly only a trace of 
alcohol 

Torula No. 6 (Fig. 115) exhibits a distinct fermentation 

in wort and generates in it 1*3 vol. per cent, of alcohol. No 

fermentation takes place in a maltose solution. It inverts 

19* 
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saccharose and in fifteen days at iS° C. generates 8*8 vol. 
per cent of alcohol in a 15 per cent dextrose solution. 

Torula No. 7 [h\gs. 11<! and 117) was found in the soil 
under vines. It produces 1 vol per cent, of alcohol in heer 
wort : on the contrary it excites no fermentation in solutions 
of saccharose, which it is unable to invert In yeast water 



m- 




(After Han 

eontaiuinj; 15 ptT cent of dextrose it formed 5-3 vol per 
cent of alcohol. 

The la.st immi^d species are perhaps active in wine 
manufacture, but hardly so in breweries and distilleries. 

llioli. Moiasiier isolated eleven Tnriila gpecies which M c&uae that 
iliatiase called Clio rapiuenit (" Ziihewerdeii ") of viaea ; h« has showo br 
ox|icri incuts tliat must afl well aa wine becomes slimy, oily and thick 



Vic. Ur-.—T-niU .V-. 7. SpiiiiiiBDtary ye»st. ^if*. (AflW HanMD.) 

when RL-fded witli tliesc. Most o[ tlie!ie forms do not produce films, bul 
only B, jeant ring ; must it deeolourisod by all ol tbem. In the few 
npecioa which form a film tbe latter v.n^ in some cases white, and in a 
»inglo inataiicc olive yreen. Only two of the eleven species referred to 
bring about alcoholic feniicntation. Common to ali is tbe need of oxygen, 
without which tlioj- cannot grow. If the nutrient liquid contains mote 
than 5 vol. |)or cent, of nlcoliol, growth as a, rule ceases, but at the same 
time the organisms are not killed. These slime yeasts oheck the fer- 



mentation, not of the atioag yeasU, but only of feebly lermenting yeuta 
in the flrat few days of fermentation. The ropineas of wine occure 
cfaieflj ID those wines which are poor in tannin ; the disease can theiefoie 
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7 — Tomla So. 7. FUm growth on a wort cnllnre Un months old. 
(AfUr Hansen.) 
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no. 118.— iSbceAanimiiwa apiailatut, Roesa. (h) A cell wliicli hsH began todevelop 
a bud ; a' and a" the same ceil after the lapte of H and 3} honra ; b 
aootligr hoddiug cell, A* after two boan, A" after three houn ; C it f-bour 
older than e ; d wag observed at 2) P.M., d' at 3^, il" at 3J ; i lOj o'clock, 
<■ 12. «" 12J, «"■ 1 ; / 2i, / 8J. /' 4. .f" 5, f" 6} o-rfock. Abont af«. 
(After Hanun.) 

be prevented by the addition of tannin, which latter checks Che growth of 
ibe alime yeasts. The addition of a pure wine yeast is an especially 
faTonrable means for suppreeaing the slime yeasts bo completely that the 
diaeaM does not appear. 
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Vkr^«2» T^i-^^inred hoMxa^ fan^ art- also cLsk^M 
ii \zrr 7 ^h^A y c> Ltf : ihe» occor especLiUy on surti- 
i: k,:^!^ r.-'iik AZ>i lb? <o<Aiic<i pink vtrast i" Rosabel") 
1.-1--^. ifc^.^rriA*,"^ i* c^As^H^i al<>nc: irith them. 

SaccharorayoM Apiculatus, Reess. 

A - : -..i-^- :ur-..r3?* «"hich does not fonu emlospores and 
j^L-r^.v ..orar? in vineranlai aD«l orchards was 
. •"'. * r-A2.r r y Koe:a^ It has been thoroughly studied 
':i .:.^:. iii : wr owr th^ foUowin^ to his investigations. 

•':- '- -•'i, O' .^*' .>r 

' '- 'i •':f *3 •■:) *■] 
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■•'•«. K*r-s*. Most of the oclb are in the «ct of 
: :.r I " *-:.- iv : "h-^w Abnormal celU. The two cell* i e»cL 
: :* : . -T. ::.e /.l : 7 wi* oV^*ne.l %l^r M., / b\, y" 6^ ; A 10^, A 
' J . : • : I . • I ■'> K- \'1\. k \\. Ir" 21 : / 7. V s/r 8 h. 5 m., /' 

'>i, 7. '.' ■ 7J. m"" 7^ About *|t. (After 
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'riiL* L«lls ( Fi;r*. I Is and 111>), wliich are generally 6 to 
>s ^ lon;r an<l *2 to -S /i wiilo. are in some cases pointed at 
l>i)th ••n<l> likr Irmons. in <)thei*s oval. The fungus forms 
IkHIi kinds of buds. In order to change into lemon-shaped 
cells tin- oval Imds must grow through one or more buddings. 
TIk; Ifnion iV)rin is j»n)dnced more especially at the beginning 
(if th<i budding and has then the preponderance ; later the 
oval cells predominate. 
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It is a bottom yeast form which does not secrete invertase 
and in consequence cannot ferment cane sugar ; it is also 
incapable of fermenting maltose. It therefore does not 
form more than 1 vol. per cent, of alcohol in wort ; on the 
other hand it forms 4*8 vol. per cent, of alcohol in yeast 
water containing 10 per cent, of dextrose. 

Sacch. apiculatiis, like many other fungi, undergoes a 
remarkable variation. Thus Hansen found that of two 
growths investigated by him, one gave 3 and the other 4*8 
vol. per cent, of alcohol. Amthor investigated two varieties, 
of which one furnished 3*25 and the other 4*56 vol. per cent. 
of alcohol, and Mliller-Thurgau found that in seven cultiva- 
tions in sterilised grape juice the alcohol production varied 
between 2*5 and 3*8 per cent, by weight. Will had two 
growths, one of which evolved a mouldy smell, the other 
an amyl ester-like bouquet. But whether such variations 
are permanent or not, or on what they depend, has not 
been investigated. 

Its extraordinary power of multiplication is characteristic 
of Sacch, apiculatm. This and its competitive relations with 
Sacch. cerevisia have been mentioned on p. 230. 

Hansen's investigations on the circulation of Sacch. apmi- 
lattis in nature are described on p. 246. This fungus is 
generally distributed an nature on fruits and also in soil. 
Miiller-Thurgau found it in the latter to a depth of 20 to 30 
cm., and Berlese to a depth of 36 cm. 

According to Will it is found commonly in bottom fer- 
mentation breweries, but only in small amount. It is 
generally present in thase Belgian breweries where beer is 
prepared by spontaneous fermentation. 

According to the iuvcstigations of Miiller-Thurgau aud Wortmaim it 
is eflpecially detrimental iu the manufacture of wine, as it has a retarding 
iuflueuce on the fermentation, hut not, however, if the liquid contains 8 
vol. per cent, of alcohol. It is most effective during the first stages of fer- 
mentation. Sacch. apicnUitua possesses in a higher degree than true wine 
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yeasts the power of decomposiDg and absorbing organic acids. Miiller- 
Thurgau's experiments show that this property also asRertti itself when it 
works simultaneously with true wine yeasts, as is the case in the progress of 
ordinary wine fermentations. Finally, by the formation of volatile acids 
and other products it is injurious to the bouquet and flavour of the wine. 
According to investigations by W. Seifert it formed the largest amount of 
volatile acid (0*064 per cent.) and volatile ester of six pure yeasts in the 
same grape must. The amount of ester expressed in cubic centimetres 
of 1*0 normal alkali on 100 c.c. of wine corresponded to 10*8, while with the 
other yeast species it varied between 1*32 and 4*4. When it ferments grape 
must a cider-like taste and smeU are exhibited. Although the increase of 
Sacch. apiculatus occurring on fruit and grapes is not prevented by the 
addition of pure yeasts to the must, yet, as experimental results show, its 
detrimental influence can be very considerably restrained by the addition 
of a quick growing, vigorously-fermenting yeast (Mciller-Thurgau). Accord- 
ing to some French investigators Sacch, apiculatus yields a good cider with 
a strong bouquet ; but, according to Miiller-Thurgau, it has, on the contrary, 
a harmful influence on the cider fermentation. 

Mycoderma Species. 

These fungi are the so-called true film fungi which 
are distinguished by the rapid formation on nutrient 
liquids, particularly on beer and wine, of a covering film 
having air Ijetween the cells. The cells are usually short 
and sausage-shaped. They are strongly aerobic. 

Mycoderma cerevisiae, Desm. (Sacch, mycoderma), — 
Several species are included under this name. The species 
usually to be found in the Copenhagen breweries forms a 
dull, gray, wrinkled film on wort -^nd beer. The cells 
contain from 1 to 3 refractive granules, which are of a fatty 
nature. This fungus does not induce fermentation, contains 
no invertase, and occui-s in practically all lager beer, but 
<loes not succeed in growing so long as the bottles are well 
stoppered. 

It is known with certainty that at least some of these 
forms do no harm in breweries under ordinary conditions ; 
this holds good with regard to the species observed by 
HaiLsen, A. Petersen, Gronlund, Jorgensen and Prior. Belo- 
houbek and Kukla, on the contrary, mention a species which 
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causes turbidity in beer. The same applies also to three 
forms observed by Lasch^ in America, which are said to 
cause a bad smell and taste in beer. They are said, more- 
over, to produce alcohol in wort. Lafar has described an 
allie<l species which forms acetic acid in beer. 

These forms are easily obtained if beer or wine is allowed 
to remain at a temperature of 10° C. with a free supply 
of air. 

Mycoderma vini, Desm. (Fig. 120), is very nearly related 
to, or is probably identical with, the above species ; it 
forms the film of wines. This film can become over 1 cm. 
thick. The fungus acts, like the other species, as an oxidis- 
ing agent on the alcohol in the wine, forming carbonic acid 




Fig. V2fi.—Mycodernui tini, Desm. About Af*'. (After Wortmann.) 

and water. It can also attack other constituents of the 
virine. By decomposing a part of the free acid it favours 
the growth of acetic acid bacteria, and consequently the 
production of a vinegar taint. Wortmann states that 
this fungus can also influence directly the flavour of a 
wine. 

Forti mentions a Mycoderma species which has a detrimental influ- 
ence on yeast in wine. 

W. Seifert has made complete experiments with two related forms 
isolated from red wine, which he names Mycoderma vini I, and //. 

The cells of Mycoderma vini I. are 3 to 10 /i long, and 2 to 4 fi broad. 
The films are smooth at first, later strongly wrinkled, coherent and 
grayish-white. The temperature limits for growth in wine with 8 vol. 
per cent, of added alcohol are : Maximum, 80° C. ; optimum, 25° to 28° C. ; 
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A 6° C. ThU apaoies growa avbd in the pceAence oi Hi 
vol. per rent, of ftlcohol, aod vigorously MUcks mftlic acid. Id u 
ftrtilirifil culture liquid (Ptateur'a Holution) contkining m&lic acid Bud 1-9 
vol. per conl. of alcohol, it formed 0*162 per Mnt. of glycerine in tourteui 
weeks ; at tlie name time the whole of the aleobol had disappeared. In 
ordinan' Austrian nliibe wine it increased the amounl ol glycerine (0-68 per 
cent, to O'RJ per i'eiit,).fomied acetic acid (0904 per cent.), and reduced (he 
ainouiit uC alcohol (7-8 to SS vol. per cent.) in twenty-six days. 

Mycoderma vini II. dillers from the above species in having temper- 
ature liuiitH for ilB growth io wine with 8 per cent, of alcohol as follows : 
Maximum, 2.S-' to 30^ C; optimum, 22° C. ; and minimum, 1° to 2° C. This 
funguri attache malic acid only to a small extent. In the colturc solution 
referred to above, it only formed 0016 per cent, of glycerine after fourteeo 
weuks, and at the Ramc time the amount of alcohol was only lowered from 
4'B to 41 vol, per cent. 

la effected in while wine after twe□t<^-3i^ 




da\;>. (inly liCXU |)Rr cent, of acetic acid was formed, and the alcohol wa« 
only reduced from 7M tn OH vol. per cent. 

Tartaric acid is ]>rni'tically not attacked by either species, and citric 
atid not Hi all. The ylvfcriue and acetic acid formed are gradually used 
u[> ftSttin- 

Monilia Candida (Bonorden), Hansen. 

TliiH fiiiiifUH {Vi^. 121, 122 and 123) is generally Found 
in natwrf on frrsh cow iluny and on fruit. The following 
i n vest i;f at ions dcscnljed are duo to HatiBen : — 

In nutrient li.juid.s contaiHiiig sugar thia fungus quickly 
devcjojis a jji-owtli of Sar,cliaromi/ceS'\ike cells, in which 
vaeuok'N witli one oi' two stron^jiy refractive granules 
frequently oc(;iir(Fig. 121). When such a culture ia allowed 
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to remain some time the cells become elongated, and there 
results finally a complete mycelium, a mealy, white, tufted 
^owth of mould which forms chains of yeast-cell conidia 
or divides into members like Oidiuvi (Fig. 123, d). This 
growth also appears on solid culture media. 

When young and vigorous cells of thia Kpecies are 
weeded in a fermentable nutrient solution, e.g., beer wort, 
a rapid and vigorous fermentation like a top fermentation 
i.s effected : even while the bubbles are rising a film form» 
on their surface. When the frothing has finished, the film 
i^^-adually extends over the whole surface ; during this pro- 




Flu. 122.— ifoniZia eaitilHla (Bononlen), Hanaen. Celli dsrivad Croin & young 
film growth. (The ihining gnnales ippeuing in Pig. 121 nr« not showu 
hers.) u/*. (After HinMn.) 

cess the large fihn-covered air bubbles gradually burst, aud 
often cause folding of the film. If old cells are seeded the 
film forms before there is any perceptible macroscopic sign 
of fermentation. In wort after sixteen days this species 
formed I'l vol. per cent, of alcohol; after nine and a half 
months, 6*5 vol. per cent. ; and after twenty-six months, 
6*7 vol. per cent. After this time the maximum had been 
reached and the cells were dead. It formed 55 vol. per 
cent, of alcohol in 15 per cent, dextrose-yeast-water in 
fourteea days at 25° C. : in a 10 per cent, saccharose 
solution in twenty days, 07 vol. per cent, of alcohol ; in 
six months, 3 vol. per cent. ; and in twenty-seven months. 




:r;. 12i.-.V..»^i> ,-a„.li.l^ (Boi ion) fill, n«ii9fn. Mould growth tmni no ol<I 
ciiltiirr. 'I, Clialnx of mnre nr lew thread -a1iip«d c«IIb : at each node ■ whorl 
of oTnl-sliapeil y«iLit cdlii oft«n ocfur. h. The ume form, hot witlioiit onl 
yeiuit C*1U, c. Typical mycelinm with septa, if, OufiHtn-IIkg eolle. f. Pear- 
shapi^ cell". /, Lemon -BhapeA ceWn. "-"i"", l,KWj« ■«ww«i,\ 
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4*9 vol. per cent. The cells were then still alive. The 
fermentation proceeded very slowly in these cases. The 
fungus withstands high temperatures, e.g., it ferments 
vigorously at 40° C. In wort, the temperature limits are 
42° to 43° C. and 6° to 4° C. 

It is a remarkable circumstance that in the fermentation 
of the saccharose solution neither invertase nor invert sugar 
could be detected. Consequently the vigorous fermentation 
generated in the saccharose solution by Moiiilia Candida must 
be quite unique, because saccharose was only known to be 
fermented after previous inversion. The invertase not being 
detectable by existing chemical methods, it follows that 
the fermentation must be regarded as a direct one. Never- 
theless, Hansen indicated the possibility that the inversion 
takes place inside the cells and that the invert sugar pro- 
duced is fermented as soon as it is formed. E. Fischer 
and P. Lindner by grinding the cells have recently 
discovered an invertase insoluble in water, i.e., a ferment 
which is closely connected with the plasma of the cell At 
the same time they found that this species contains maltase. 
According to Bau the fungus can ferment diastase dextrin. 

Monilia javanica, Went and Prinsen Geerligs, occurs in "Raggi," 
which 18 applied in the manufacture of arrack in Java (see p. 2G0). On 
solutions containing sugar this species forms a film, which, liowever (and 
this distinguishes it from the previous species), disappears as soon as 
fermentation begins. It further differs from ^f. Candida in that it inverts 
saccharose in the usual way, and the latter is then fennented ; it also 
ferments dextrose, levulose, maltose and rafhnosc. When 5 per cent, of 
alcohol has been formed, growth and fermentation cease. The alcohol it 
produces has an unpleasant smell and taste. 

A Mofiilia species has been described by Forti which has a detri- 
mental influence on the yeast in wine. 

Chalara mycoderma, Cienkowski. 

Like Monilia, this fungus (Figs. 1 24 and 125) forms a film 
on liquids ; it is compo.sed of a branched mycelium which 
abstricte here and there globular or oval, but seldom 
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pear-shaped oonidia, 4 to 11 fi, mcNst generally 4 to 6 /a in 
j/reatest diameter. They are formed by abstriction, in part 




Fig. 124. — Chalara luyonlemm, Cionkowski. Counected myceliam with conidia. 
.<«/>. Tlie figure to the left shows separated mycelium branches and conidia. 
(After CienkowKki.) 



1 



from sterigmata and partly from the surface of the limb. 
This species thrives on wort and lager beer. It is found in 
the free state on grapes and on cow dung. 
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Oidium lactis, Fresenius. 

Oidium lactis, Freseniua (Figs. 126, 127 and 128), develops 
colourless, branched hyphae, which form a white felt. The 
conidia develop by a division of the threads, and have, as a 
rule, a rectangular longitudinal section, but other forms 
are also to be observed ; their length is most generally 
10 to 30 ^, and breadth 3 to 5 fju The temperature limits 
for the growth in wort are near 37^° C. and below i° C. ; 
for the film formation 36*° to 37J° C. and about 3° C. 

An inter-growth similar to that observed by P. Lindner 
in Botrytis cinerea was found by the author and Schionning 
in Oidium lactis (Fig. 128). When, for example, a young, 







Fig. 125. — Chalara mycoderma, Cienkowski. Mycelium members, abstricting 

conidia. ^^^'^. (After Hansen.) 

vigorous mycelium is seeded in a thin layer of water, a 
more vigorous cell here and there grows into its feebler 
neighbouring cell and there forms conidia chains. 

This fungus is found in general on milk which has 
been standing. According to Hansen's investigations it 
generates a trace of alcohol in wort and dextrose yeast 
water. According to Lang and Freudenreich it can 
generate 1 vol per cent, of alcohol in milk-sugar and 
dextrose solutions. 

In breweries it is to be found on malt, lager vessels. 






' . f*'Piiu. 



^^'^Jf. 







"?tte/?^ *•-• 



' ^'i.** «.. '-^ IS nil. 



«//, 



0'»'e(i 



io 



^e/»a,j 



Ul 



I 



DEMATIUM PULLULANS 305 

Oidium ooniditim formafeioos have been observed by Brefeld in many 
mushroom fungi {AgaricinecB), Some botanists are therefore of the 
opinion that Oidium lactis is really a stage of development of such 
fungi. Proof of this has not yet been advanced. 

Dematium pullulans, de Bary. 

The fungus (Figs. 129, 130, 131 and 132) designated by 
this name has a branched, colourless mycelium on the 
surface of which, apparently without order, it frequently 
produces yeast cells or conidia by budding ; the latter are 
mostly oval. These yeast cells are often situated on the 



C—> 




PlQ. 127. — Oidium lactisj Fresenius. The germination of a conidium in wort in a 
Ranyier's chamber. 1 at 10^ a.m. , 2 at 2 p. m. , 3 at 4^ p. m. , 4 at 7f p. m. ^ p . 
(After Hansen.) 

threads on small humps which are sometimesdiscemible after 
the release of the yeast cells. They can then either produce 
more yeast cells by budding or develop germ threads, which 
grow into mycelia. Swollen parts are frequently found in the 
mycelium, which, after a certain time, become thick-walled 
and dark coloured, usually greenish-brown ; the single cells 
developed by budding may also undergo transformation in 
this way. Qemmse, which, among other ways, can be re- 
cognised by their contents (large oil and fat drops), are thus 

formed. Dematium pullulans does not induce fermentation. 

20 
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Fi^. 130 represents an inter-growth similar to that 
which has been described under Botryiis and Oidium. Such 
endo^enouH conidia have been regarded and described as 
eudospores. The author has shown, however, in cod- 




Fk;. vis. - aid ill in Ifidis, Freseiiius. Phenomenon of inter-growth. 5p. 

(After Kllioker Jind S<.*]iil»nning.) 

Junction with Schi(")nnin^^ that in these cases it is a 
matter of inter-growth only. Th(» phenomenon is brought 
about when a vigorous mycelium cell in the immediat'e 
neighbourhood of a feebler cell act« as a parasite on the 




FiQ, 129. — Demaiiwn puUulanSy de Bary. /, A chain of gemmae ; three mem- 
ben of this (a, 6, c) have produced mycelium tubes [m) on which conidia (at 
c^ are developed. //, A chain of gemmsa developing coniilia directly (at d). 
111^ A conidium a, which haa grown a mycelium thread m, on which 
conidia are formed ; it has also formed conidia directly, /r, Conidium 
divided into two cells under similar conditions. V^ Conidium divided into 
two cells developing conidia. T/, a-//, Continuous development of one and 
the same gemma, in a very shallow water layer with free air supply, into a 
doable-celled, thick- walled, brown gemma rich in fat. VII and F///, 
Mycelia divided up into simple, short, swollen members, which have become 
thiok-walled gemme, generally mnch browned and famished with large oil 
drops. At VUI a some of the gemmae are seen still farther divided by septa, 
wbkh lie in the same direction as the axis of the thread. !{&• (From 
Zopf • handbook.) 

20* 
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. — hfui'iliii'" I'litl'ihiHt, de Bary. Phenomenon of iater-groirth. a uid 
A dhow itilruiluit niyceliuia tlireadi, in b tlic tliread li forming conidik. c, 
Cont(l[asre hein^ abatricttil on both aides, il, A coaidium in tbeact orboddiofi, 
■; A myreliiiTn thread hm ^onn through the Mpta of two cells into a cfll 
fliiei with coniilia. /. C«1l with four conidia strongly naembling endo- 
epores. ;/, One of the colls has developed toniilia, a myoelinm thread has 
grown in from the other. Tim remaining figurea show tuioiu eiamplea of 
MidogenoHB eonidium formiitioTi. f waa observed at about 20° 0. in a waUr 
culture about one month old ; the remainder were obeerred !n water Gultuna 
two daya old at 20° and 25° C. ({E. (After KIScker and Schionning.) 
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er, and forms chains of yeast conidia at the end next 
and within the feebler cell ; or, less frequently, the 
orous cell injects a longer or shorter mycelium thread 
^. 130 a, by e and g). The yeast conidia formed in the 
jrior of the cell may further increase here by budding 




a. 
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131. — DenuUium ptUlulans, de Bary. Two development series of eudo- 
genous conidium formationH directly observed in cover glass water cultures. 
In the series a the development proceeded for five hours, and in b for twenty, 
four hours at 20° C. ^^^. (After Klocker and Schionning.) 



?• 



130 d), while the intrusive mycelium thread forms 

idia (Fig. 130 b). When a weak cell lies between two 

orous ones, both of these latter can grow into the feeble 

and form chains of yeast conidia (Fig. 131 a^-a^), or one 

intrudes a mycelium thread, while the other simply 
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fonnM coniilU (Fig. 130 e). Fi^. 131 shows two dev«Jf 
inriital Heries of such endogenoos conidia, and Fi^. l^tk 
^^ormi nation of the same. As with Ouiium, the phenomeia 
appt'Ars when young, vigorous mycelium is seeded inifck 
wat4T : when placed in wort or on moist gypsum bWa. 
thi» mycelium can also display inter-growth, but it Aw 
not take place nearly so frequently. 

Tills fungus forms a very strong layer on nutri^A 
liiiuids. V. Skerst observed the following limits of temper- 
ature for its growth in wort: Maximum 31"^ to 32' C.,o[t 
mum \(V C, and minimum 0*5** to 2"* C. In a related fonn 
llotiinanii had found that the gelatinised cell walls were 
stained blue by iodine. The author observed that this siso 
(iccurs sometimes in the typical Dematium pulltdans, 

'I'he fungus is extremely common in nature, especially 
on fruit. It is found in moist places in breweries. 

It decolorises wort and makes it ropy. According 
to Lindner it clouds white beer wort ; according to Wori- 
niann it also transforms grape must into a tliready gela- 
tinous substance, which is derived from a product of 
th(^ outer parts of the cell membrane. This appearance 
is espt'cially marked when cane sugar is present in the 
licjuid. In wine, liowever, the fungus is quickly suppressed. 
though not kiUed, by the evolution of carbonic acid. In 
the presi^nce of about 8 vol. per cent, of alcohol it does 
not grow, but is also not killed. The so-called cork or 
sio[)pei' flavour of wine arises from the cork of the bottle 
Ixiing overgrown with various fungi, Denuxtium and others. 

AccordiiiK to Wortinann. Dematium pulluhm^ is the cause of a disease of 
wino gra])ort. Tbo attacked grapes look like those affected with ** schwarzen 
Brenner." but the black six)t.s are soft, not brittle, and depressed : further 
thcv liave a white, nioaly spot in the middle. At this place the myceliam 
of the fundus breaks through the epidermis of the grapes, and the yeast 
buds api)ear. The spots often reach half round the grapes. 

Dematium pullidam is one of the mould fungi which 
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has been repeatecQy regarded as the original form of the 
saccharomycetes. Communications relative to this have, 
however, suffered the same fate as thase in which the same 
is maintained for Penicillium, Aspergillus, Mucor, etc. ; as 
soon as exact experiments were made, these ideas were 
found to be quite incorrect. 

Finally, it may also be mentioned that various Ascomycotes are found, 
e.g., Sphrpridina intermixtaj Berk, and Br., and Dothulea ribesia, Pers.. 
which can produce Dematium-like growths. If Brefeld says that the 




Fin. 132. — l>einatium pnUulann^ De Bary. (rorinination of endogenoas conidia 
in wort in a cover glass preparation. The conidia {a\) 8Wf*lIed up after twenty- 
four hours and put forth germ threads (o.^) ; the same has also taken placi* 
with the uppermost two cells in the mycelium thread. *][". (After Klocker 
and SchiSnning. ) 

ttpecies in question produce Dematium pulliilans, he is in error, because 
these growths do not entirely correspond with the species named. More- 
over, Brefeld has also been unable to produce Ascomycetes from a typical 
Dcfnatiwn piiUulans. Under certain conditions it is also found that some 
of the forms of Cladosjxtrium herbarum produce Devuitiu Ju-Vike growtlis. 



Cladosporium herbarum, Link, is, as ahoady mentioned, 
a collective name. In addition to the conidial form of 
Spluerella Tulasnei, ref(^rred to on p. 283, a number of other 
fungi are foun<l, which have been classed under the name 
Cladosporiuvi herbarum ; none of these, however, is known 
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to po8Ne88 ascuH fructification. Some are similar to DerM- 
tium pullulatis, and Home investigators (e.g,, Laurent) have, 
for this reason, classed Cladosp, h^rbarum and Demat. 
ptdlulans in the same development series. Lopriore has 
studied a parasitical Cladosporium herbarum form occurring 
on wheat, which forms sclerotia. He states that it pro- 
duces IlormodeJidron clcuiosporioides as well as Demat. ptdlu- 
lam. It is therewith stated that several species occur that 
produce conidial forms, which can be identified with the 
species i*eferred to above. 



II. — Fission Fungi (Schizomycetes). 

General. 
1. — Structure and Form of Bacterial Cells. 

The Cell Contents. — Like yeast cells, the bacterial 
cell consists of a mass of protoplasm surrounded by 
a membrane. It has been contended as to whether it 
contains a cell nucleus or not. Later investigations, however, 
show that in this respect also bacterial cells resemble other 
cells. 

As with yeast cells, vacuoles and granules occur in 
the protoplasm. In some bacteria a substance is found 
which is prol)al)ly ^-anulose or an allied carbohydrate, as it 
is stained blue by iodine. Sulphur granules or oxide of iron 
are found in other forms; occasionally fat globules are 
observed, especially in the cells of old cultures. Colouring 
matter is found in many species, often in such quantity that 
the colonies are hi<jjlily coloured, a/., red, yellow, blue, violet, 
brown, etc. The colouring matter is found partly in the 
interior of the cells, and partly secreted as granules lying 
between the C(41s. 

The Cell Wall and its Gelatinous Formation. — 
If the cell is placed in a solution of common salt, the 
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plasma separates from the membrane so that the latter 
becomes plainly visible. This phenomenon is called plas- 
molysis. The membrane does not consist of cellulose but 
of albuminoids, probably modifications of those forming the 
protoplasm. The membrane often possesses the property 
of forming gelatine and swells up. The growths are then 
enveloped in mucilage and form gelatinous films or masses, 
called Zoogloeae (Fig. 133). In some species the mucilage 
is stained blue by iodine, in others it gives the cellulose 
reaction (blue stain by iodine in zinc chloride or iodine 
and sulphuric acid). 




Fiu. IdS.—BacUrium Pasteurianutn, Hansen. Gelatinous formation in an old 
growth on beer. The three cells to the left have fallen out The cells are 
prepared and stained by LSffler's method. ^{^^ (After Hansen.) 

Flagella. — Many bacteria are observed under the 
microscope to be in motion; this motion is often due to 
physical causes and is then the so-called Brownian molecular 
movement. Another kind of movement is eftected by 
special organs of motion, flagella or cilia. The rapidity 
which this motion attains, has, with some species, an average 
value of about \ mm. per second. The flagella or cilia 
were discovered in 1836 by Ehrenberg, and, as a rule, 
can only be observed after a special preparation (see p. 91). 
In some forms they are found at the poles of the cells, 
in others at the sides: occasionally several are found to- 
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;jetlMT. Alfr. Fischer distinguishes between bacteria (1* 
with niu- fln^'Gllutn at the end (Fig. 135), (2) with a cluster 
of llH^i'lla ttt the end, and (3) with flagelU over the whole 
.smfaei- (Fif;. 134). Flagella furnish important char- 
actiTistii--s for the determination of specien, and for classifi- 




Klii. VM. -JU-ianilivM hHtgrinun, Prumowskj. Batyric uid tMcleriam witi 
It^i'lla. r', V«K*tBtlvv motile call; b, spnraUtinfc motile cell, "f- 
lAfler Airr. ^•i^u:llBr,) 

cation it is of importance to determine if the species 
(■oiic(;riifil occurs with flagella or without. 

Hactcriii with Hagulla movement are called motile. This 
iiKitioii limy Ik; temporarily stopped by certain means, e.g., 
hy 111! incri'iixe in the acid content of the nutrient medium 
or hy H tlcKcicncy of oxyf^en ; the condition of the orgauiani 




is tinMi known as Ha;;cl])i-»titi'uess (Geisselatarre). By 
neutralisation or by aeration the Htiffness can again be rt- 
moved. When, thi.'refore, bacteria in a culture do not move 
Just at the instant, one cannot be always certain that thi- 
power of motion has altogether left them. Various sub- 



./STRUCTURE AND FORM OF BACTERIAL CELLS 315 



.vitances can attract or repel motile bacteria; this property 
is known as positive or negative Chemotaxis. 

Shape of the Cell. — Some of the cell shapes which 
,. occur most frequently are as follows : Spherical bacteria are 
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Fio. 136. — Form and size of various bacteria. .1,1. M u-rococcua of various sizes. 
2. Diplococci. 3. Streptococci. 4. Micntatccus tdragnnns. 5. Surcimt 
ventriculiy package form. 6. Staphylococci. li, 1, 2, 4. Long rods. 3. 
Short rods. 6. Connected chains of long and short rods. 6. Long threa<ls. 
•fft. {A,5.J}^.) (After P. Baumgarten.) 

known as cocci (Fig. 136, A), rod-shaped ones, i.e., those 
which are at least double as long as they are broad, as 
bacilli or long rods (Fig. 136, B, i, 2, 4, 5), and those of which 
the length and breadth are more nearly equal, as bacteria 
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in the true sense) or short rods (Fig. 136, B, s, 5). If a 
Ihu'iliuH (lisplayH (as the result of spore formation) a more or 
lijss <lt»ci(le<l club shape it is called Clostridium (Fig. 137": 
if curved it is called Vihrio, and if it is screw shaped, 
Spirillutn. The very long thread-like bacteria are known as 
Cladotlirij', Streptothrix, Crenothrix, eta It is common for 
tho same sjx^cies to occur in different forms. 

Most bacteria are very small, and a powerful magnifica- 
tion is retiuired in order to observe them. The smallest 
ct^lls are not more than 1 fi long. Elspecially large forms 
are, f.j/., Bacillus oxalaticus, whose rods may be 30 /li long 
arnl 4- fi thick, and Bacterium megatherium, whose rods are 

10 fj. lontr and 2*5 /i broad. 

2. — Methods of Reproduction. 

Cell Fission. — As above mentioned, the vegetative 
multiplication of bacteria proceeds by division or fission; 
many forms havt^ only this one method of multiplication, 
wliilst othei-s can, in addition, form endospores. Rod bac- 
teria Ixromc elont^ated, and divide by means of a septum: 
tln^ latter ncvt'r occui-s lengthways; spherical bacteria do 
not alter tlu'ir ori*^inal appearance before division has 
taken place. In the latter, division can take place in 
seveial <lirections. The new-formed cells often remain in 
union with the mother cells, whereby long chains may be 
formed 

IW seeJin*^ on various nutrient gelatines the species 
pi'odnce colonies, which have a more or less varied macro- 
scopical appearance, as regards both shape and condition 
of the surface (slimy, <hy). In this connection the methotl 
bv which the colonies were started is also of influence, 
whether it was by stab or streak cultures or giant colonies 
from the seedin^r of a di*op. It has already been said that 
the colour of the colonies may vary. 
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If a nutrient solution remains clear after seeding, the 
species present is one with pronounced chain or thread 
growth and without self-movement. Forms which require 
oxygen for their growth develop a film on the surface of 
the, as a rule, clear liquid. If the latter is uniformly turbid, 
the forms are isolated, living and sometimes motile ; in thin 
case also the oxygen-absorbing species form a film. 

Spore Formation. — Endospores are . seen as strongly 
refractive granules in the interior of the cells ; usually each 
cell contains one spore, seldom two. They are formed by 
the contraction of the contents which become gradually 
thicker and more refractive and, finally, bounded by an 
independent wall. The latter is usually smooth ; only one 
species is known in which a membrane of special structure 
with longitudinal ridges is to be observed (Arth. Meyer). 
With certain species the cell assumes a special shape during 
spore formation, becoming, for example, spindle-shaped 
(Fig. 137, B,/, h). The spore has a much greater power of 
resistance to external influences than the vegetative cell ; 
aniline dyes are taken up by it much more slowly than by 
the remaining plasma ; on the other hand these colours are 
obstinately retained when a decolorising reagent is after- 
wards employed. Extreme degrees of cold and heat, besides 
complete drying, are endured by the spores without death 
ensuing. On the contrary, light appears, in the generality 
of cases, to be the deadliest enemy of bacterial spores. The 
spores of several species resist a boiling temperature for 
some hours ; their germinating power may even be increased 
by this meana 

Through the great resisting power of bacterial spores, 
which is more marked in the dry than in the moist state, 
sterilisation is found to be difficult in many cases, e.g., in 
order to sterilise water it must be boiled under pressure, or, 
if this is not convenient, raised to boiling temperature 
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several times at intervals (see p. 78). Wort is often not sterile 
after boiling ; that this is the ease can be seen if a sample 
is added to yeast water, when frequently a growth of 
l)acteria makes its appearance. That no growth appears in 
flasks of wort after simple boiling may be due to the fact 
that the culture medium is not favourable for the germina- 
tion of the spores present Wort is indeed a liquid in which 
many species of bacteria, even in vigorous condition, are 
not able to grow. 




h 
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Fio. 137. — ("Inst rid II in hufi/n'cinn, IVazmowski, A, Vegetative cells. B, Sponr- 
beiiriiiK cells, with the exception of a and h. In/ and k^ the cells are swollen 
to spindle .shapes, the formation of the spore being here complete. Two spores 
have grown in ;/. (_•. (reiniinating spores. (After Prazmowski.) 

As soon as the spore is ripe it is able, under favourable 
conditions, to germinate. Before germination proceeds the 
spore swells out and thereby lases its brilliancy, the skin 
then bursting and a small knob protruding. This protrusion 
can take place either at the* ix>le of the sjx)re (Fig. 137, C), the 
new cell continuing its growth lengthwise from the spore, or 
the spore skin bursts in the middle and the young cell grows 




VARIATION OF BACTERIA 319 

w^: direction perpendicular to the longer axis of the spore. 
'"•» are the two commonest types of germination of bac- 
■»1 spores ; and other ways are quite exceptional. 
-The causes of the production of spore formation are to 
-r- csonght in unfavourable nutrimental conditions, accumu- 

- .^^ron of injurious products of growth, etc Like the 
"'"c'^iiCharomycetes, certain bacterial forms require free access 
^ j-^air in order to form spores. 

3. — Variation. 

=rv Hansen's experiments with the acetic acid bacteria : 
. * acterium aceti, Bact, Pasteurianum and Bact, Kutzifigianum, 

- ave shown that temperature is a factor for influencing 
-;^ hape. His conjecture that the results found by him have 

I more general application was confirmed by the author's 
experiments with four other species. Henneberg came to 
Hie same conclusion from experiments with Bact. oxydans 
i|nd Bact acetosum. The investigations of Hansen demon- 
strated that the species named appear with three different 
cell forms, viz,, sometimes as short rods in chains (Figs. 139 a, 
144, 145 and 146), sometimes as threads (Figs. 138, 139 and 
140), and at other times as pear-shaped or globular swellings 
(Fig. 140). When young, vigorous cells are seeded in a 
favourable culture medium rich in extract, e.g,, " double " 
beer (Danish beer with little alcohol and high extract) or 
wort, at a temperature between 5° and 34° C, the chain 
form with the short rods appears ; if, now, such a growth 
be inoculated in the culture medium of a new flask and kept 
at 40° to 40 J° C, the cells are quickly changed into threads 
(Figs. 138 and 139). The latter can attain a length of 500 
fjL, while the cell seeded only measured 2 /x. If the thread 
form be now brought again to 34° C, the length continues 
to increase ; here and there globular, spindle, or pear-shaped 
swellings may occur, whereupon the threads begin to divide 
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ofrain and to aasume the chain form (Fig. 140). By Nageli 
and others such HwoUen forms vera regarded as not belonging 
to normal development, but as an indication that the cells 
an> about to die. It is shown by Hansen's above-mentioned 




no. 13S.— /J.i./.Ti"." r<i<l-iT;,ni.i„,. Hmmen. Thctliread fonu^ftar twentj-fonr 
liniini ill "doiil.!,' " U;-T nt 40"- to 404° C. i*,", (Afttr Hansen.) 

inveHtii^ations tbnt, iimler certain culture conditions, these 
I>cculiar fomiH iipponr normally and indicate a vigorous 
growth. 

Beyond the above-mentioned inventigationB on acetic 
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yd bacteria, only few and incomplete contributions to this 

isqtgect are as yet to be found. Macfadyen and Blaxall 

iJfBod that some thermophilic bacteria investigated by them 

formed long threads at high temperatures (approaching 

r c). 

It is generally known that among organisms different 
auditions can produce identical or nearly corresponding 

/ 












FlO. 139. — Bacterium Paateurianumf Hansen. Development of the thread form 
by cultivation on "double" beer agar-agar in a Bdttcher's chamber at 
about 40^® C. a, A chain consisting of 8 members ; a\ the same after 6 ; a'\ 
after 10 ; a*', after 20 hours. 6, A five-membered chain ; 6', after 5 ; b'% after 
9 hours, c, Development after 10 ; d, after 21 hours. The times are reckoned 
from the beginning of the experiment ^ Q.. (After Hansen.) 

forms of development. It is therefore not remarkable that 
various authors have stated that the change of shape re- 
ferred to can also be obtained as the result of the influence 
of factors other than temperature ; H. Buchner has founds 
in regard to BacUlus stibtilis, that the chemical composition 
of the culture medium was responsible for similar changes 

of shape. 

21 
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The abnormal aad in general inflated sbapea asmimed 
by many bacteria when they have to exist for a long time 
in onfavoorable environments are OBttally known as in- 
volution forma. These may take up the most varied shapes. 




Fro. lV).—li.(dtnuM riv<tr«rian<'K, Hansen, Tnuifornutioii of th» thmd 
rorm iatn swelling aiiil cIiaidi l>y cultiv&tion iu "donbla" bser >t 34' C. 
I. after lour, II. after Hvs. III. after Beien houra from til* be^nning of thr 
eiperiment. i'^!'. (Afti-r Hansen.) .- 

Some, e.y., the acetic acid bacteria (Fig. 141), the diphtheria 
bacillus, tubercle bacillus, etc, sometimes assume a 
mycelium-like, branched appearance, and it has been 
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^^ttetnpted, without grounds, however, to make use of this 
F fact in order to identify the parent forms of bacteria 
' among the hyphomycetes. They are, however, as stated, 
' only abnormal formations. A bacterium has never been 
grown and developed into a hyphomyces, and vice versa. 




Fio. 141. -^Bacterium aceti (Kutziug). Haaseu. Uuusual cell tonus after several 
days' oultivation in wort and "double " beer at 39° to 41° C. ^^^K (After 
Hansen.) 

All communications which have hitherto appeared on the 

development of bacteria from higher fungi are without 

proof. 

With many species an enfeeblement takes place during 

continued culture, so that, for instance, the fermentative 

21* 
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activity becomes lost (as distin^aiahed from the aeehiio^ 
iiiycetes, in which this has never been observed). Bictefk 
which cauHe tliseaaes in man and animals, can lose tlis 
virulence (patho^nic properties) by means of a «ff^ 
tivatinent A change of another kind has been likevee 
observed in the splenitis bacillus, which, during its t«D- 
jH)niry change of form, can lose the power of spore fonas- 
tioii ; this chan^ of form dispiays itself in the production 
of riKlinientary spores. 

With reganl to variation amon^ vin^ar bacteri*. 
Miinseii has further shown that the mucilage of his two 
sprcits, liact, Pasteurianum and Bact. Kutzingianum, which 
is st;iiihMl blue by ioiline, loses this property under certain 
coinlitions. Whether developed on the surface of a liquid 
or s()li«l medium, a time arrives when they no longer gi« 
tln' bint' reaction. In some beer cultures he found that 
this j>()int was reached in three to four months at the 
onlinary temperature of the room; in others, on the con- 
traiv. it was not even attained after seven to nine montb>. 
TIh'sc abnormal cultures usually return quickly to the 
uoi'nial state. 

4 — Disease J^vcteria in the Alcoholic Fermenttation 

ixdustries. 

The hannt'ul influence of bacteria in the fermentation 
iinlustries is by no means small; there are, however, only 
relatively few species which do an appreciable amount of 
dania^^e. Tlie majority, in fact, do not thrive, or do so but 
indifi'erently, in acid li(iuids ; beer and wine contain free 
acid, and are thas protected to a great extent By the 
introduction of the pure culture system this injurious action 
of bacteria has been very much lassened in bottom and top 
fermentation breweries, as well as in the manufacture of 
wine. 
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The decomposition products of bacteria are of many 
kinds. They can develop acetic acid, lactic acid, butyric 
acid, various alcohols, etc. A large number liquefy nutrient 
^latine through the possession of peptonising power. 

Pasteur had discovered in the year 1861 that butyric 

. acid bacteria are anaerobic, that is, they can only grow in 

ttie absence of oxygea The majority of species, however, 

thrive best with free access of air. The acetic acid bacteria 

are typical examples of aerobic forms. 

Pasteur (1876) was also the first to point out the injurious 
part played by bacteria in the fermentation industry. The 
disease phenomena brought about by bacteria in fermented 
liquids are: mucilage formation, decolorisation, turbidity, 
acid formation, disagreeable smell and taste. 

Pasteur gives some information on mucilage formation 
in beer and wine ; he mentions a Micrococcus which makes 
the liquids mentioned ropy. Kramer isolated from thick 
wines a Bacillus with which he could induce the same 
disease in sound white wine. From ropy Belgian beers, 
van Laer isolated bacilli which were the cause of the disease. 
L. Vandam also found in English beer a Bacillus that makes 
it thick. At the same time this species only attacks the 
beer when present in large number at the beginning of the 
primary fermentation. Brown and Morris describe a Coccus, 
likewise causing ropiness in English beer. The disease 
attacked the beer when it was six weeks to two months old. 
The source of infection appeared to be a slaughterhouse for 
pigs in the neighbourhood of the brewery. A Pediococciis 
was found by Lindner in ropy '* Weissbier ". 

The disease known as the turning of wine consists in red 
wine assuming a brown colour, while white wine becomes 
turbid and discoloured and fre(|uently develops a dark 
colouration. The tartar occurring in wine is changed by 
this disease into potassium carbonate, which causes the 
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!:. :,:i:*:.-r -sri-.:. £:>-•, :.:?:. As-i 3j«r«. Past^^riaKum in 

•.;.-: rr-r-::.'>r : '> ir^'.»rr^' '•.:t..iii vea.<t$ Xa i and Xo. 1. 

H- >.::.- :*. :h- > L:lur: :: :r^t: the bacteria in qoestiou 

Arrr i;. i-.-ri prr-^:.: ::. thr rlrii-'he»i lai^iT beer if the infec- 

tioji vyyk p!ac*r at t*r.- '^-e-n^n^iii: as well as at the end of 

th': }/r:r/i<iry f-nji*rriUtijn. but triat thi< infecticxi appearetl 

fj*-itrj*:r in the rV-nn^ntati'^n ci:riiar nor in the lager cellar. 

T\i*i \}h,f:tj:r\ri can proi/a;rat»r th»rm«^lves only after the lagere«l 

U-<rr i- <lrawn oti': th*: l^^^r. how»,-\>r, did not become vine- 

%r Honr if c^rtt wa.s takf-n that the transport vessels and 

itUf.s w<;n; well c^.rse<l and well tilled. The same holds ffooil 
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ao^rlso when the bacteria are introduced into bottom fermented 
)eer after it has left the lager cellar. The infection gener- 
— *U.y occasioned no bad effects when the precautions named 
-, 4rere observed. High temperature and free air access are 
^-Aeoessary for the development of the bacteria^ 

Gayon and Dubourg found in wine containing mannite, 
. . a short non-motile rod which forms masses of zoogloea. It 
- reduces invert sugar to mannite. Wine, however, is most 
^- exposed to this disease in warm climates. (As formerly 
. mentioned, Penicillium glaticum can cause the same pheno- 
menon.) 

According to the investigations of V. H. and L. J. Veley, 
the disease of rum, called " faultiness," is brought about by 
a bacterium which these authors name Coleothrix methystes. 
This species is especially distinguished by its great power of 
resisting alcohol, the bacteria retaining life in rum with an 
alcohol content of 75 per cent, by weight. 

PediococcvA or Sarcina species frequently occur in brew- 
eries. However, only certain of these cause harm, and these 
only under special conditions. It has been shown by Han- 
sen, Jorgensen and Ant. Petersen that when certain of the 
species occur even in considerable amount in beer^ they are 
without appreciable influence on its quality. These forms 
have been especially studied by P. Lindner (1888). Accord- 
ing to him and other authors, some species under certain con- 
ditions occasion " sarcina turbidity ". In this connection 
Reichard states that the disease appears when a strong after- 
fermentation takes place in beer inoculated with Sarcina^ 
while equally strongly infected beer did not succumb to the 
disease when the primary fermentation was a strong one, 
so that in place of the vigorous after-fermentation, only a 
slight maturing took place. An addition of hops to the 
lager casks will, according to the same author, prevent an 
outbreak of the Sarcina disease. 
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Schonfeld has also investigated the infection of yeast by 
Pediococcui and Sarcina. His results are the following: 
Culture yeasts are susceptible to Sarcina in varying degree. 
Wild yeasts are more prejudicial to the development of 
Sarcina than culture yeasts ; with favourable conditions a 
Sarcifui acclimatised to any yeast race can spoil the beer 
prepare<I by means of this yeast; Sarcina is more anaerobic 
tlian aerobic: the virulence of Sarcina is dependent upon 
certain medium temperatures, an absence of air, and on 
motion ; the multiplication of Sarcina is restricted by 
.stron<^^ly lioppiiig the beer, by high alcohol content and by 
atTHtion. 

Kupfer seeks for the causes of the poor " head " and 
slirrlit stability of beer in Sarcina infectioa 

S. V. Huth has recommended the employment of a 
tartaric acid remedy for Sarcina, in which 6 grams of 
tartaric acid are added in aqueous solution to every kilo of 
yeast. After Htirrin^, the whole is put on one side to rest 
for six to twelve hours, after which the mixture is intro- 
duced into tlie fermenting vessel This method must 
always be applied with care, and is only to be recommended 
when the stock yeast contains practically no wild yeast 
For if this is not tlie case the latter develops at the expense 
of the culture yeast, and the result proves correspondingly 
unfav()ura])le. 

5. — ArM»LicATioN ov Bacteria in the Alcoholic Fer- 
mentation Industries. 

Only the lactic acid-forming bacteria are directly em- 
ployed in the alcoholic fermentation industries, these bein^ 
applied in distilleries in sulxluing butyric acid bacteria and 
in the " Weissbier " breweries. In breweries the yeast settles 
to the bottom of the dilute wort; such does not happen in 
<listillenes, where the thick mash does not allow of this. 
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The pitching yeast is therefore produced by itself in 
special vessels. The requisite amount of nutrient liquid 
for this is acidified in order to prevent the develop- 
ment of harmful germs, such as butyric acid bacteria, 
which are unable to thrive in strongly acid liquids. 
A strong and suitable formation of acid is therefore 
effected by the addition of a young and vigorous pure 
culture of lactic acid bacteria. The latter is obtained by 
starting from a trial mash of which the souring is satis- 
factory. The optimum temperature for lactic acid bacteria 
lies at about 50° C, that of butyric acid bacteria, on the 
other hand, at about 40° C. The sweet yeast mash is 
therefore kept at about 50° C, in which case only a strong 
growth of lactic acid bacteria develops. When the degree 
of acidity is sufficiently high, the lactic acid bacteria are 
killed by warming the mash up to 70° C, following this it 
is quickly cooled to 17° to 20° C, and a pure culture of a 
selected yeast race added. A part of the yeast produced in 
then taken out to be used in pitching a fresh portion of 
sweet mash. 

As formerly mentioned, F. Lafar was the first to intro- 
duce the systematic selection of a lactic acid bacterium for 
this purpose. Wehmer, however, has lately attempted to 
suppress butyric acid bacteria with commercial lactic acid, 
which, according to his investigations, has given good results. 

Of the remaining bacteria referred to, those of acetic 
acid are employed, as is well known, in the manufacture of 
vinegar. 

Systematic. 

Ferd. Cohn showed that bacteria are plants, and set up a 
system based on cell form. We have seen, however, that 
the same species can assume various forms of growth. 

For the investigation of different species, the morpho- 
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lo^cal and developmental characteristics are, in the first 
place, applied as far as possible, «.^., the shape of the cell, 
the presence of flagella and their arrangement, the mode 
of ^germination of the endospores, etc. Further, the forms 
which tlie gix)wth assumes on various nutrient media, e.(/., 
on culture gelatine, in which case it is also observed to 
what extent the species liquefies gelatine, if at all. The 
products rcHulting from growth are also of importance. 
Tlie cultures are prepared either as streak or stab 
cultures, the former on the surface of the gelatine, the 
latter by stabbing in a thick layer of gelatine (see p. 98;^ 
Drop seeding on the surface of the gelatine is also em- 
ployed. Tlie behaviour of bacteria species with various 
staining methods takes a large place, especially in medical 
bacteriology. 

The bacteria considered here can be divided into two 
chief groups, viz., splierical bacteria (Coccacea) and rod 
bacteria (Bacteriacc(e)y by which means, on practical grounds, 
we retain the old classification, in which shape was the 
criterion, and also the older names w^hich are" generally 
known. The author, however, is, on this point, neither for 
nor against this aiTangenient. The classification of bacteria 
is at present very uncertain, and is still subject to change, 
since no fixed, systematic, distinctive lines can be laid 
down. That the shape, moreover, is in several respects of 
little value as a systematic distinguishing feature follows, 
among other things, from what has been said in the fore- 
;^oing on the polymorphism of bacteria. 

I. — Family : Spherical Bacteria (CoccACEiE). 

In the isolated state the cells are spherical. Fission t^kes 
place along one, two or three planes. 
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ri. 1. Genus : Micrococcus, Cohn. 

* The cells are joined together irregularly. Included in 

- IB genus are several forms which, like Sarcina, divide 

r'ang three planes, but the cells quickly separate from one 

lother and do not remain united as in Sarcina. Such 

_ jecies ought rightly to be classified in the genus named. 

Micrococcus viscosus is, according to Pasteur, the cause 

- •£ the ropiness of beer. 

Micrococcus saprogenes vini 1. and 11., Kramer, has been 
r)btamed by Ejramer in pure cultures from turned wines 
bofta Styria and Croatia. 

Diplococcus I. and II., Aderhold, makes wine ropy. 

2. Genus : PediococcuSy Francke. 

The cells are arranged in flat colonies ; they divide along 
two planes. 

Pediococcus cerevisiae, Francke, was first prepared as a 
pore culture by P. Lindner. The cells are 09 to 1*5 /x in 
diameter. They occur either as coccus or diplococcus or in 
tetarads, and are to be found in large quantities in beers with 
the so-called sarcina turbidity. 

Pediococcus viscosus, Lindner, has been isolated by P. 
Lindner from thick " Weissbier." 

Pediococcus sarcinaeformis, Reichard, causes disease in 
beer, ac^rding to Reichard. 

Pediococcus acidi lactici, Lindner. The cells are 06 to 
lO /lA in diameter. This species excites lactic acid fermenta- 
tion in malt mashes. The optimum temperature for its 
growth is 4pO** C, whilst it dies at 62" C. It does not thrive 
in hopped wort nor in beer. 

3. Genm : Sarcina, Goods. 

The cells are arranged in packet- formed octads (Fig. 136, 
A, b) ; they are divided by three fission planes. To thi 
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;^nQ» belong .speeieii which form white, yellow, red or brown 
oolonieH. 

Sarcina maximaf Undneri is foand in mah mashes. The 

cellH are 3 to 4 ^ in diameter. 

Sarcina aurantiaca, Undneri has been iscdated from 
Berlin *' Weuisbier ''. This species, as also S. Jlara and S. 
alba, is sai4 to give rine to diseases in American beer. 

T)i»f Hpecit^ belonging to the two forgoing genera are 
very common in nature, and occor, among others, also in 
wat4fr. Jorgen^en and Lindner, for example, found these 
fonns in their water analyses. Their occurrence in brew- 
t'Thrs lias l>een mentione<l above. 
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Fi«;. 1 42. — .Sre/-ci w/i, (After Haiuen.) 

II. — Family: Rod Bacteria (BacteriacejE). 

The c<*lls are of varioas lengths, cylindrical and straight 
iH.'Vcr spiral. Fi.ssion takes place only in one direction, rtz., 
trHnsvcrsrly, and after previous elongation of the rod. 

(r en Its 1 and 2: Bacterium and Bacilltts, 

Tlui ()\tU^r systematists, Cohn for example, called all short 
rods lUicirria, all Ion*; rods Bacilli, At present it is im- 
p()ssil>l(f to separate the two genera completely from one 
another hy this means. For the species appear sometimes as 
short, sonuitiincs as lon;^^ rods. The author, however, 
r(^t ains ])()th tluNsc generic names on practical grounds, the 
species Ixunn; hence represented with their old names; so 
that, for example, the generic names Granuloba^ter^ Clostri- 
dium, etc., are retained in what follows. For distinguishing 
purp()S(}s the spore formation and the flagella have been 
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suggested ; but these characteristics also have proved to be 
insufficient. 

Acetic Acid Bacteria. 

Klitzing (1837) first described an acetic acid bacterium, 
whilst Hansen was the first to show that various species 
of acetic bacteria exist, and to give at the same time 
the outlines of their life history (1879). The investigations 
of A. J. Brown, Henneberg, Zeidler and Zopf show that 
a few of these species have a swarming state under certain 
conditiona One of these acetic acid bacteria with flagella 
is shown in Fig. 135. In this case the flagella are of 
particular importance in characterising the species. With 
some species the mucilage which is formed by the cells 
gives a blue reaction with iodine (Hansen), that of others 
yields the cellulose reaction (a blue stain with iodine and 
sulphuric add ; A J. Brown). 

Hansen has given information on the vitality of 
these bacteria in different nutrient media and also in the 
dry state. He found that Bacterium aceti lived in '' double " 
beer more than six years, in some cases, however, not five 
years ; further, that after nine years in lager beer and after 
about two years in a saccharose solution it was still alive ; 
Bacterium Pasteurianvm was alive after six years (in one 
case it was dead after two and a quarter years) in '' double " 
beer, after more than ten years (in one case death occurred 
after one to two years) in lager beer, and after one year 
and a quarter in a saccharose solution ; but in the latter it 
was dead after one year and a half; lastly. Bacterium 
Kutzingianum was alive after about six years in " double " beer 
(in some cases it was dead after five years), and after about 
seven years in lager beer (in some cases after five years 
only). In the dry state on small pieces of platinum wire 
in Freudenreich flasks the life limit of the cells of the three 
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species named was about five months. When the above- 
mentioned dry preparations were introduced into glass 
tubes, and these closed by fusing, and preserved at the 
ordinary room temperature and at 2"* C, it appeared that 
tlic lifetime at the former named temperature was about 
five months, and more than a year at the latter. When 
tlie cells were introduced into the tubes in a moLst state 
they very soon died. 

The formation of acetic acid induced by these organisms 
is brought about by the alcohol being converted into acetic 
aci<l in the presence of a plentiful air supply. As Pasteur 
showed (1864), and A. J. Brown confirmed later, the com- 
])ustion can proceed still further, so that the acetic acid 
iUready formed is oxidised to carbonic add and water. 

F. La far studied the influence of temperature on Bad, 
aceti and Bact. PasUurianum with regard to their power of 
forming acetic acid. He found that the former species at 
as low a temperature as 4° to 5° C, the limit of its growth, 
can set up a strong acetic fermentation, but that Bad 
Pdsfriirianum, on the other hand, formed no acetic acid at 
4' to 4i C. With the last-named species he found, further, 
that the* maximum acid formation is reached at 33** to 34* C. 
after seven days, when 3'3 per cent by weight is produced. 
\V. Seifert came likewise to the conclusion that morpho- 
logically (liti'erent species of acetic acid bacteria also exhibit 
substantial elifierences in regard to their chemical behaviour. 
In his experiments he employed Bact, Pasteurianum and 
Bad, KiitziiKfianum. He draws the conclusion, "that the 
f(;rmentative power of acetic acid bacteria in the presence 
of the monatomic primary alcohols decreases as the propor- 
tion of carbon in the latter increases; that, further, B(ict. 
Pasteurianum has the feeblest fermentative power in the 
presence of the polyatomic alcohols and dextrose **. Henne- 
berg carried out investigations similar to Seifert's, but with 
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a whole series of species of which Home are new : he arrived 
at th« same general result. 

In the following table from Henneberg will be found 
numeroos substances which can be converted into acids by 
the various spetnes. The sign + indicates that acidification, 
— that no acidification takes place. 
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The Tariation in shape with the same species, according 
as the temperature lies near the optimum or the maximuni, 
has been referred to previously (p. 319; cf. Figs. 138, 13ft 
and 140), and also the variation of the iodine reaction of th< 
mncalage. 

We have also seen that acetic acid bacteria caaie th< 
sharpness of wine and that they only give rise to loss in 
breweries when a high temperature and free air access ar 
obtaiuable. 

Pasteur (1868) was oi the opiDion that acetic formeDtatioa was caused 
by only one species. He noticed out a uew method For the monubf ture oi 
viuegat, to displace the old Orleans method in which the tenuentation 
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procMdsd ilowlj in bunk. Ai Umm hawh wan amplayad for Mnrtl 
vMTt withoal emptytnB uid clMndng, Iwga qnuititiea of Vibrio aali «tR 
(rwiucntly deT«lop«d. whlah MnMd oontidwmbla tranbla. The P>sUn 
method conilitsd in lulng ihallow tihIi fairte»d of h»ReIa ; h« thai m- 
ilekvound to piDvide th« matt IftTounbla oondiliooa for tha derolopmeal d 
the film of acetic Iwcteria and by lhl« maana to bring abont aa qaieUvu 
IHtiuiible the formation of vinagario that the Vibrio aeeti ooalA aotderelop. 
Kiir various reMom the nMthod did not, boWBTer, obtain a foothold ii 
prai'tice. partly twcanae the rMult* obtainod were ao unceitaia liace 'iiert 
USA no rjucslion o( the application of a lelected ■paoj«« or race. In th* 
tirMt edition of hie UnlertucluiiiggH am der Praxi» der Oamngtindiatrir, 
lIsDM'n h»d. In thii coDoection, already dlieoted attention to the problem 
"( nlso applying th« pnre culture Byitun to the mwinfactare of vinegtr; 
liul only o( late haa the way been paT«d tor retonn in thia direction by tht 
rr<earchet of the experimental itation in Berifo ; the goml hai not yet been 
rv&i'liud, however. The quMtion hue oonoerna the moet important method 




III viiict!(tr man ufac lure, i.e., the so-called quick vinegar manufacture of 
KrhiitKi'iiliach. Tlic ftcetio bacteria occurring Id thii connection will he 
.lo-<Tihr:d Iftter. 

At-i'tic liactcria iiiiturally fall into groups according as 
tliry {HisHciM llagellH oi' not, an<j according as their mucila^i.- 
j;ivi'» a lilue reaction with iodine or not In the followinj; 
it is I'xpresMly Htated if the species in (juestion has flagella 
111- gives the blue iodine reaction. Tlie first three following, 
the dijsci-iptions of which are from Hansen, belong to species 
without flagella. 

Bacterium Aceti (Ktitz,), Hansen (Figs. 141, 143).— Tliis 
sp<icieH forms a smooth gelatinous film on " double " beer at 
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^_ '^ C. after twenty-£our boara. The film cells are usually 
<^^^r-gliU98 shaped rod bacteria arraoged in chains (Fig. 

^^df) ; long rods and threads with or without swellings are 
^*^y exceptionally found. At 40° to 40^° C. long thin 
Kr- _;EMd8 develop. The mucilage is not stained by a solution 
~%~ tf iodine or by a solution of iodine in potassium iodide. 
^**<lw foor days at 25° C. it develops colonies on wort 
^^^■tiiie which are grey, waxy, round, usually arched and 
tar-yith tmbroken edges, seldom star-shaped, and which consist 

-^4liefly of free, small rod bacteria ; the chain form is repressed 
r ~4ere. The maximum temperature of growth in " double " 
r^oeer is about 42° C, the minimum 4° to 5° C. 




The species is found both in top fermentatiou and in 
bottom fermentation beers; Hansen observed it frequently in 
the dust of the air and Holm now and then in his analyses 
of water. 

Bacterium Pasteurianum, Hansen (Figs. 133, 138, 139, 
140 and 144). — This bacterium forma on " double " beer at 34° 
C. after twenty-four hours a dry film which very soon assumes 
a wrinkled and folded appearance, and rises but little 
from the surface of the liquid along the sides of the flask. 
Like thoee of the foregoing species, the cells are arranged in 
long chains, but are altogether larger and especially thicker 
22 
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(Fi^. 144). The thread form (Figa 138, 139 and 140) is 
aino somewhat thicker at 40"" to 40}*" C. than with Bact. aceti. 
The mucilage is stained blue with a solution of iodine or 
of iodine in potassium iodide. Plate culture colonies on 
wort gelatine after four days at 25** C. are usually smaller 
than those of Bact, aceti, otherwise they are the same as 
with this species. They consist chiefly of typical chains. 
AfU'F alK>ut three weeks the surface of the colonies is 
folded. On wort gelatine and on lager beer gelatine, witii 
and without 10 per cent, of saccharose, the growth is, at 25" 
C, solid, dry, waxy and yellowish. The maximum temper- 
atun; for growth on " double " beer is 42" C, the minimum, 
r/ to () C, 

Hansen found this species in the same places as the 
previous one, ])ut more frequently in top fermentation than 
in bottom fermentation. breweriea W. Seifert found it in 
vinegar-tainted wine. 

Bacterium KUtzingianum, Hansen (Fig. 145). — The film 
formed on " double " beer after twenty-four hours at 34*" C. 
di tiers from that of Bact. Pasteurianum by growing high 
above the liquid along the sides of the flask. It consists of 
small rod bacteria which are, as a rule, free, or at most 
joined in pairs ; they form long chains rarely. The thread 
form at 40" to 40. J" C. contains relatively more short 
threads than Bact. Pasteurianum. The microscopical appear- 
ance ditiers distinctly from that of the latter ; on the other 
band, both species are alike in that the mucilage is stained 
blue by a solution of iodine or of iodine in potassium iodida 
In plate cultures on wort gelatine this species develops 
colonies after four days at 25"" C, which consist almost 
exclusively of small, free, rod bacteria; long chains are 
found only vary seldom. The surface of the colonies after 
three weeks is smooth, not folded The growths at 25° C, 
both on lager beer gelatine and wort gelatine, with and 
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V'ittiout 10 per cent, of saccharose, are shiny, slimy an 1 
'•'■ 'luish-grey. The maJtimmn temperature of growth i i 
r-jj'i'bont 42° C. in " double " beer, the minimum, 6° to 7° C. 
'». '^Hansen found this bacterium in "double" beer; it i 
:' orobably difiused to the same extent as Bact. Pasteuri- 

t> In addition to the above-cited differeatiation betw^sn 
-^^Bact Pasteurianvm and Bact. Kiitzingianum furnished by 
^,«>Hainsffli, Henneberg and Seifert hare given an extensive 
■ ^-.aeries of phywologieal characteristics, among which, for 
^^jexample, are the following: Bact Pasteurianum forms a / 
meet half as much acetic acid as Bact. KUtHngianum ia 
la^r beer with added alcohol Thus the former, in lager 




Fla. lt6.~Baettriinn KiittingiantiiB, Haoacu. Young film formation on 
■■doubl«" boerat34°C. i-V"- (Afler Hinaen.) 

beer, with 8 per cent of alcohol, produces 3-23 per cent of 
acetic add in twelve dayn, while the latter forms 6'56 per 
cent ; the fonnation of acid by Bact. Pasteuriamim is like- 
wise only half as great as that by Baf:t. KuUinyianum 
when the cultivation takes place in a 2 per cent glycol 
Bolutioa When yeast water with 3 per cent, of dextrose is 
used as the nutrient solution, the growth of Bact. Pasteurianum 
at 26" to 30° C. consists of long chains, that of Bact, 
Kiitnngiamim, on the contrary, of single cells, or pairs 
connected together The same microscopical differences 
are thus found here as between the growths of both species 
on beer and wort gelatine. 

Of the many species of acetic acid bacteria which have 
22 • 
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been described in the last few years we will mention here 
among others : — 

Bacterium oxydans, Henneberg (Bact. acetiy Zopf). — ^This 
species is distinguished from Bact aceti of Hansen described 
above, by having, as shown by Zopf and Hennebeig, a 
swarming state ; it was isolated from a bottom fermented 
beer from Halle. 

Further, Beijerinck mentionB a species which he c&Us Bact. acetit and 
which he states to be the active species in quick vinegar manufacture. It 
in distinguished by forming a film on artificial nutrient liquids; this 
property, held in common with other species, is, however, not permanent 
in this species, and may be lost after a previous cultivation on solid nutrient 
media. All gradations of film development are presented here. Further, 
it liquefiea beer gelatine containing cane sugar, this being due, according to 
Beijerinck, to the inversion of the sugar. 

To what extent Beijerinck*s Bact. aceti is the acetic bacterium of 
quick vinegar manufacture is, however, not established. Rothenbach 
found that the active bacteria of the process named are not in a condition 
to form a film. The loss of this power of film formation rests, in his 
opinion, on the circumstance that they are never allowed the opportunity 
of film formation in practice, because the mash is in continual motion. 
Accord iug to Rothenbach the quick vinegar bacteria are acclimatised 
forms. Some of them closely resemble Bact. acetiy Hansen, and can 
furnish vinegar containing a high percentage of acetic acid from a mash 
containing little nutrient substance and a high percentage of alcohol, in 
the Schiitzenbach acetifiers. 

Of other acetic acid bacteria the following may be mentioned : — 

Bacterium Xylinum, A. J. Brown.— The gelatinous substance is 
cartilaginous, and furnishes the cellulose reaction with iodine and 
sulphuric acid, i.e., a blue colour. This species also occurs in the 
acetifiers of the quick vinegar process. Further, the following is described 
by Henneberg : — 

Bacterium acetigenum, which was isolated from the vinegar of a 
quick vinegar manufactory. It yields a cellulose reaction under certain 
conditions, and has especially intense power of swarming; Bacterium 
industrium also has a swarming state. 

Several species have likewise been described under the 
generic name Termobacterium, as for example : — 

Termobacterium aceti, Zeidler, which is illustrated in 
Fig. 185 and which possesses a long flagellum ; further 

Termobacterium lutescens, Lindner, which renders beer 
turbid and gives rise to a celery odour in it 
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We will mention still a few more Bacterium species : — 
Bacterium vermiforme, Marshall Ward, forms cells which 
measure 0*5 to 50 /li long and 0*6 fi broad. The gelatinisa- 
tion of the cell wall with this species consists in the loosening 
of the strongly swollen outer layer of the cell membrane 
whereby the ceUs are enclosed as in a capsule. Together 
with the Saccharomyces pyrifarmis mentioned on p. 261 it 
forms the so-caUed ginger beer plant 

Bacterium termo, Cohn, is a collective expression for motile bacteria 
occurring in decomposing substances. According to Gohn*s description it 
is a feebly fluorescent, strongly motile, short, ovate rod ; but which of the 
numerous putrefactive bacteria is thus indicated cannot be determined. 

Windisch considers that the cause of the so-called cellar flavour, by 
which is understood usually a raw, musty, damp taste in the beer, is 
undoubtedly to be looked for in the contamination of the wort during 
cooling, as the beer sometimes remains too long in the coolers during the 
warm summer months, and is, in consequence, infected by one of the 
bacteria belonging to the Biict, termo group. 

They thrive well in hopped wort, but cannot live associated with 
yeast. 

Most of the species included in the genus Bacillus^ Cohn, 
form endospores. They can be classified in various groups 
according to their physiological activity. 

Slime-formiiig Species. 

Bacillus viscosus I. and II., van Laer, were isolated from 
ropy beers. Both form rods with a length of 1 '6 to 2*4 fi 
and a breadth of 0*8 fi ; they are usually isolated, not infre- 
quently, however, in pairs. I. forms on the surface of wort 
slimy, yellowish islands which appear to branch downwards. 
They give rise, in consequence, to a slimy covering contain- 
ing bubbles, which result from the evolution of carbonic acid. 
Ill does not form a slimy covering. The carbonic acid 
production and viscosity are less. The wort becomes dark- 
brown and a peculiar odour is evolved. A solution of 3 
grams of saccharose and 1 gram of peptone in 100 ac. of 
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water in rendered ropy and viaoous by I.| while II. only 
causes turbidity and carbonic acid evolution. A high^ 
amount of sugar is prejudicial to the development of these 
bacteria, for which reason, therefore, lightly fermented beer 
is comparatively seldom ropy. The optimum temperature 
for their development is SS"* C. The bacteria are frequently 
found in water analysea 

Bacillus viscosus III.i L. Vandam, forms rods which are 
20 /Lt long and 0*7 fi broad; they usually occur isolated; 
sometimes they are joined in chains of two or three members. 
This .s{)ecicH was found in English beer ; the ropiness is con- 
(liti()ne<l by the presence of sugar ; air is necessary for the 
development of the species. 

Bacillus viscosus vini, Kramer, makes white wine 
viscous in the absence of air. It forms rods 2 to 6 /i long 
and 0() to 0*8 fi broad : these are often joined in many- 
menihered chains. 

Lactic Acid-forming Species. 

Mention has been already made of the discovery of lactic 
acid bacteria by Pasteur, of their importance in distilleries, 
and of their recent introduction into the latter in the form 
of pure cultures. 

The first to isolate a pure lactic acid bacterium for the 
above purpose was, as has been said, F. Lafar. The species 
isolated and applied by him was Bacillus acidificans long- 
issimus, Lafar, the cells of which are 2*5 to 25 /i long and 
alx)ut 1 fi broad. 

Bacillus acidi lactici, Hueppe, consists of immotile rods 
which are 10 to 17 /Lt long and 03 to 0*4 fi broad; they 
are frequently connected in pairs, rarely in four-membered 
chains. 

This bacillus is aerobic and does not liquefy gelatine. 
It loses its souring power if it is cultivated for a long time on 
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a sugar-free nutrient medium. As a result of seeding this 
species in wine, Kramer produced " Zickenwerden " (lactic 
acid sharpness). 

Saccharobacillus Pastorianus, van Laer, is responsible 
for that disease known as the ** turning " of beer. Pasteur 
made the discovery that the disease is caused by bacteria. 
The species thrives best on malt extract-agar with a little 
alcohol added ; this medium should be used when it is 
desired to obtain a pure culture. It develops in beer only 
when the latter contains a small amount of hop extract. 
According to van Laer it readily ferments saccharose (with- 
out inversion), maltose and dextrose, but lactose only with 
difficulty. Lactic acid, ethyl alcohol and small amoimts of 
acetic and formic acid are found in the fermentation. Its 






Fio. 146.— Lactic Acid Bacteria. 

development in beer is prevented by over 7 per cent, of 
alcohol. 

Butyric Acid-formifig Species. 

It has been stated that Pastern* discovered a butyi*ic 
acid bacterium which he named Vihrion butyriqm : later it 
was shown that this fermentation is caused by many 
species, which have already been alluded to as the cause of 
much harm in breweries. 

Clostridium butyricum, Prazmowsid (Bacillus amylo- 
bacter, van Tieghem), probably includes several specias. The 
form described by Prazmowski (Figs. 134 and 187) consists of 
rods 1 fjL broad, of which the young individuals contain a 
substance granulose which, however, is only formed if the 
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bacteria live in an entirely anaerobic state, and which, Uke 
starch (amylum), in stained blue by iodine. (From this 
the generic names AmylobacUr and Granulobacter, sometimes 
lined, are derived) They are provided with flagella (Fig. 
184}, and display active motion. When the spores develop, 
the rods Hwell out at one end and become club-shaped 
(Clostridium form) (Fig. 137). According to Prazmowski, 
the spores survive the temperature of boiling water for five 
minutes ; after ten minutes only a few of the strongest are 
alivt\ whilst all die in fifteen minutes. The species is 
strc)n«;ly anaifrobie. 

Bacillus butyrlcuSi Hueppe, differs from the above 
sjx^eies in being aerobic 

Granulobacter saccharobutyricum, Beijerinck, ia of 
general occurrence on barley corns, and therefore also on 
green malt, groats, flour, eta It is one of the most injuriouB 
species in distilleries. It decomposes dextrose as well as 
maltose, and produces butyric acid, butyl alcohol, carbonic 
acid and hydrogen ; gelatine is not liquefied by this species. 

Bacillus lupuliperda, Behrens, is claissified here inasmuch as it 
orms butyric acid when it is cultivated in a nutrient liquid containiog 
sugar. Belircus found it in hops which had become warm. The cells 
aro motile : they are 0'7 /u to 2*5 /* long and 0*7 fi broad. It liquefies 
gelatine, and can bo cultivated in an extract of hops. This bacillus 
is partly tlie cause of the spontaneous heating of hops, and forms 
trimcthvlaniine and ammonia. 

Finally, two bacilli have yet to be mentioned which cannot be 
olassilied in the above groups. One is 

Bacillus piluliformans, MiJIIer-Thurgau. — The rods are 3 /a to 10*5 ft 
long, most frequently 4 /* to G /u, and are 0*75 /a bposid. It causes in wine 
a remarkable di.sease described by Miiller-Thurgau. In a red wine it had 
formed rounded corn-like grains, which clung to the sides of the bottle, but 
mostly to the bottom ; these were in greater part detached by gently 
moving the bottle. The grains, of which as many as a hundred were found 
in a bottle, varied very much in size, some being hardly discernible, whilst 
others had a diameter of as much as 4*5 mm. The wine was of a darker 
colour than usual ; its flavour and smell were but slightly altered ; it was 
clear, but not of good quality. 

Bacillus subtilis, Ehrenberg. Hay bacillus. — It is found frequently 



BUTYRIC ACID BACTERIA 345 

on hay. The spores are very resistant towards high temperatures; 
according to Brefeld, they survive heating to 100*' C. for three hours, to 
106^ G. for a quarter of an hour, and to 110° G. for five minutes. This species 
can therefore be obtained by pouring water over hay and boiling the liquor 
drawn off. The rods are strongly motile, and are furnished with several 
flagella. It first inverts cane sugar, and then oxidises it to the last trace. 
Daring its action on dextrose a strongly reducing levo-rotatory body is 
formed (A. J. Brown). 

This species is frequently met with in physiological fermentation 
work. It develops easily in unhopped wort; it does not thrive in acid 
liquids, and is on that account without significance in the brewery. 
According to Esaulow, it occurs in kefir ; it here participates in the 
formation of kefir grains, the film it forms on the milk serving as a collect- 
ing place for the lactic acid bacteria and yeast. 



*i i 



LITERATURE REVIEW. 

Sbgtion I. (Pages 1 — 15). 

I. — Spallanzani, Lazzaro : Saggio di osservazioni microscopiche, 
relative al siatema della generazione di signori Needham e 
Buffon. Modena, 1765. 

II. — ScHEBLB, Carl Wilhblm : Anmarkningar om sattet att conser- 
yera attika. (Rongl. Vetenskaps Acadeiniens nya Hand- 
lingar. Tom. iii. Stockholm, 1782, p. 120.) 

III. — Appbrt : Le livre de tous les manages ou Tart de conserver 
pendant plusienrs ann^es, toutes les substances animales et 
v6g6tale8. 4i*me ^d. Paris, 1831. 

IV. — ScHULZB, Franz : Vorlaufige Mittheilung der Resultatc einer 
experimentellen Beobachtung iibcr generatio icquivoca. 
(PoggendorfiTs Annal. d. Phys. ii. Chem. Bd. xxxix., 1836. 
No. 11, p. 487.) 

V. — Caoniard Latour, Charlbs: (1) His communication ap- 
peared in the Parisian "L'Institut" on 23rd November, 
1836. 

(2) M^moire sur la fermentation vine use. (Laid before 

the Academic des Sciences on 1 2th June, 1837 ; published 
in Compt. rend, de I'Acad. des Sc, Tom. iv., 1837, p. 905, 
and in Annal. de Chim. et Phys., Tom. Ixviii., 1838, p. 206.) 

Gagniard Latour states in the above that yeast is organised matter 
and that it is probable that the formation of carbonic acid and of 
alcohol is caused in some way by the growth of the yeast. 
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VI. — Schwann, Thbodor. 

In September, 1836, Schwann demonstrated before the Natur- 
forscher-Versammlung in Jena that the yeast fungus described by 
him is the cause of alcoholic fermentation. 

In the publication which appeared in 1887 under the following 
title— 

(1) Vorlaufige Mittheilung, betreflTend Vereuche liber die 



Weingarung iind Faulnis (Poggendorffs Annal. d. Phys. u. 

Chem. Bd. xli., 1837, Nr. 5)— 

lie also communicates the discovery that putrefaction is caused by 
living corpuscles. His words are : — 

"... Then putrefaction must be thus explained, that these 
germs, while developing and while feeding at the expense of the 
organic substance, cause in it a decomposition of such a nature that 
it gives rise to the phenomena of putrefaction. . . .*' 

(2) Mikroskopische Untersuchungen iiber die tJberein- 

stininumg in der Struktur und dem Wachsthum der Thiere 
und I'flanzeu. Berlin, 1839. 

In the above research, Schwann again establishes that yeast is a 
fungus, and that it causes fermentation. He further communicates 
his discovery of yeast spores and lays the foundation of the science 
of antiseptics. He expresses himself thus : — 

" . . . All conceivable proofs point to the ferment particles being 
fungi. Their form is that of the fungi, their structure is like that 
of the fungi, for they consist of cells many of which again contain 
young cells ; they grow like fungi by producing new cells at their 
ends, they propagate themselves like fungi, partly by separation of 
single cells, partly by production of new cells in the existing ones, and 
by the bursting of these mother cells. Now, that these fungi are the 
cause of fermentation follows: first, because they constantly occur in 
fermentation ; second, because fermentation is stopped by all pro- 
cesses which evidently kill the fungi, e.g., boiling heat, potassium 
arsenate, etc. . . ." 

VII. — KiJTziNc;, Friedrigh : Mikroscopische Untersuchungen 
iiber die Hefe und Essigmutter, nebst mehreren anderen dazu 
gehurigen vegetabilischen Gebilden. (Journ. f. prakt. 
(nieniie, Jahrg. 1837, Bd. ii., p. 385.) 

VIII. — V. LiEHUi, Justus: (1) Die organische Chemie in ihrer 
Anvveiidung auf Agrikultur und Physiologie. 1. Aufl., 2. 
Thcil. Braunschweig, 1840. 
Liehig liad as early as 1839 expressed the leading principles of his 
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theory in a treatise : '' Ober die Erscheinungen der Gahrung, Faul- 
nis and Verwesnng und ihre Ursachen". (Poggendorff's Annal. 
d. Phys. u. Ghem., 1839, pp. 106-150.) He expresses the following 
views on p. 142: "The form and condition of the insoluble precipi- 
tates in fermentation have led to a very strange conception of fermen- 
tation on the part of many physiologists. When beer and wine 
yeasts are distributed in water and looked at under a good magnify- 
ing glass, transparent, flat, compressed corpuscles are seen, which 
sometimes, attached to one another in chains, assume the form of 
growths ; in the eyes of others they are similar to many infusoria. 
It would certainly be an extremely noteworthy phenomenon if plant 
substance and albumen, which are precipitated in a changed con- 
dition in the fermentation of beer and of plant juices, were to 
assume a geometrical form when deposited, since these bodies have 
never been observed in the crystallised condition. Now this is not 
the case ; they precipitate, like all substances which do not possess 
crystalline properties, in the form of spherical corpuscles, which either 
swim about free or are connected with others. These investigators were 
misled by this form to regard the ferment as consisting of animated 
organic beings, whether plants or animals, which in their develop- 
ment assimilate the constituents of sugar and excrete them again in 
the form of carbonic acid and alcohol ; they explain the decom- 
position of the sugar and the increase of the mass of the added 
ferment in beer fermentation. This view confutes itself; in pure 
sugar water the so-called seeds disappear with the plants on fermen- 
tation; fermentation takes place, the decomposition of the sugar 
ensues with that of the ferment, without any development or repro- 
duction of seeds, plants or animals being observed, which is regarded 
by these investigators as the cause of the chemical process." 

LiBBio, Justus : (2) Ueber die (Jahrung und die Quelle der 
Muskelkraft. (Sitzungsber. der Konigl. bayer. Akad. d. 
Wissensch. ii., 1869, pp. 323 and 393, and Annal. d. Chemie 
u. Pharmacie, Bd. cliii., 1870, pp. 1 and 137.) 

In the above treatise, Liebig*s last opinion on the Pastour fermen- 
tation theory is expressed. It may be inferred from the following 
two quotations : — 

Page 2 : " From the chemical standpoint, which I should not like 
to give up, it is an ' act of life,' • a condition of motion,* and taken 
in this sense Pasteur's view is not opposed to mine nor does it dis- 
prove mine ". 

Page 6 : "It might be that the physiological process stands in no 
other relation to the process of fermentation than to produce the 
substance in the living cell, which, by an action peculiar to itself 
similar to that of emulsin on salicin and amygdalin, causes the 
breaking up of the sugar and other organic atoms ; the physiological 
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process would be necessary in this case to produce the above sub- 
stance, but with the fermentation as such it would have no further 
connection ". 

Hoppe-Seyler in his *' Physiologische Chemie," Berlin, 1877, 
expresses substantially the same view as that of Liebig's given 
above and that given- formerly by Traube. According to Hoppe- 
Seyler, fermentation is caused by" a purely chemical ferment con- 
tained by the yeast. On page 115 he says: *'Liebig has shown 
very clearly the untenable and harmful nature of Pasteur's views, 
yet his deductions received little attention ". 

JX. — MiTSCHBRLiCH, EiLHARD : (1) Ober die chemische Zereetz- 
ung und Verbindung vermittelst Contactsubstanzen, given 
as a lecture in the Kgl. Akad. d. Wissensch. Berlin; a 
reference is to be found in Bericht iiber die zur Bekannt- 
machung geeigneten Verhandlungen d. Kgl. preuss. Akad. 
d. Wissensch. zu Berlin, Dec, 1841. 

On p. 390 he writes as follows: "The sugar into which cane 
sugar changes, when yeast is added to a solution of the latter, 
appears to be different to grape sugar ; the author has not been able 
to crystallise it, and it polarises light much less than the same 
quantity of grape sugar ; its formation is very remarkable ; it is in 
fact a substance mixed with the yeast spherules, luid can be removed 
by water extraction, and a clear solution of it causes the transforma- 
tion of cane sugar into this kind of sugar *\ 

(2) Another communication is to be found ibid.^ Feb., 



1843. 

He exhibited on this occasion some engravings which represented 
among other things the increase of top yeast. The figure given on 
p. 192 of my book is a reproduction of one of these engravings, 
which, however, so far as can be found, were never published 
all together. Some of the figures reproduced are to be found in 
Mitscherlich's " Lehrbuch der Chemie," 4. Ausg., Bd. i., 1844 ; and in 
Regnault, '* Cours ^l^mentaire de chimie," 2me ^., tom. iv., p. 
179; further iu Jos. Bersch, " Gahrungs-Chemie fiir Praktiker," 
1. Teil, Berlin, 1879, p. 60, etc. 

X. — ScHROEDER, H., uud VON DuscH, Th. : Ueber Filtration der 
Luft in Beziehung auf Faulnis und Gahrung. (Annal. der 
Chem. und Pharm. Bd. Ixxxix., Heft 2, 1854, p. 232.) 

XI. — Pasteur, Louis : (1) M^moire sur la fermentation appel^e 
lacti(iue. (Conipt. rend, de I'Acad. des Sc, Tom. xlv., 
1857, p. 913.) 
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The above memoir is Pasteur's first research on this subjeot, and 
treats, as the title shows, of lactic acid fermentation. In the same 
year he published his first paper on alcoholic fermentation, viz, : — 

i'ASTBUR, Louis : (2) M6moire sur la fermentation alcoolique. 
(Ibid., p. 1032.) 

He arrives at the same results here as his predecessors, Schwann, 
etc., tnjr., that yeast splits up the sugar in consequence of its vitality. 

He then publishes a series of smaller papers in the *' Gompt. rend." ; 
all matter referring to alcoholic fermentation is collected in a laiger 
paper, vix,: — 

(3) M^moire sur la fermentation alcoolique. (Ann. de 

Chim. et de Phys. 3 S^r., Tom. xlviii., 1860, p. 323.) 

The publications in the '* Gompt. rend." are continued, and among 
these might be mentioned: — 

(4) De Torigine des ferments. Nouvelles experiences 



relatives aux generations dites spontan^es. (Compt. rend. 

de TAcad. des Sc, Tom. 1., 1860, p. 849.) 

in which he controverts the doctrine of generatio aequivoca, and : — 

(5) Fermentation butyrique. Animalcules infusoires 



vivant sans oxyg^ne libre et determinant des fermentations. 
(Compt. rend, de TAcad. des Sc., Tom. Hi., 1861.) 

in which, for the first time, the doctrine of auaerobiosis is put 
forward. 

For some years he continues to fight against the doctrine of 
generatio sequivoca; his particular opponents on this point are 
Pouchet and Joly ; after him his pupils, especially Ghamberland and 
Boux, take up the matter. 

Pasteur at the same time upholds his theory of fermentation till 
the beginning of the seventies ; his writings in this connection are 
to be found in the *' Gompt. rend." His opponents are chiefly Liebig, 
Traube, Brefeld, Berthelot and Gl. Bernard. 

— (6) Etudes sur le vin. Paris, 1866. 

— (7) Etudes sur le vinaigre. Paris, 1868. 

— (8) :6tudes sur la bi^re. Paris, 1876. 



In the three researches named, which with (4) must be looked 
upon as the chief works of Pasteur in the science of fermentation, is 
to be found what he has accomplished for these branches of 
industry ; in (8), especially, there is a collation of his researches on 
fermentation and the organisms of fermentation as a whole, and 
the book practically ends his researches on this subject. He 
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publishes here for the first time his methods for purifying yeast 
(the tartaric acid method, etc.), which were kept secret in his first 
smaller communications. 

While the works of Pasteur on generatio sequivoca and on his 
fermentation theory caused prolonged contests, his attempts to 
introduce reform into technical fermentation very soon came to an 
end. His methods and suggestions were tested, but without giving 
successful results, as the most important thing, the pure yeast, was 
wanting. In Denmark, the Messrs. Jaoobsen began experiments 
in the Old and New Carlsberg breweries shortly after Pasteur's 
work had appeared in 1876, using the methods there recommended 
for the purification of the yeast ; but the results were not satisfac- 
tory. This was the case also in France and other countries. His 
" Etudes sur la bi^re " are mentioned in the technical writings of 
that time with respect, but gradually become treated as something 
which had little to do with practice ; they did not come into vital 
contcust with the latter. The only upholder of Pasteur's work on 
technical fermentation is Velten, his co-worker on the subject of 
brewing. In the " Revue universelle de la brasserie et malterie," 
1888, No. 742 and No. 743, he points out that it is the mixture of 
several different pure species of yeast which gives the beer the 
required flavour and bouquet. This is obtained, he asserts, accord- 
ing to Pasteur, by cultivation of the yeast in a cane sugar solution 
to which a little tartaric acid has been added, or in wort to which 
carbolic acid and alcohol have been added. As early as 1878 he 
had given, in the lectures which he delivered to the (Congress at the 
International Exhibition in Paris, an exact description of this 
method, as Pasteur and he considered that the brewers should use it 
for the purification of their yeast. Velten published these lectures 
later under the title, " De la fabrication de la bi^re par le proc^d^ 
Pasteur" (Rovuo universelle de la brasserie, 1881, No. 372). They 
are also to be found in the publications of the Congress. 

Duclaux also recommends Pasteur's above named methods in his 
•* Chimie biologique," 1883, p. 301. As is mentioned in the introduc- 
tory chapter, no one understood at that time the importance of the 
disease yeasts and their competition with the culture yeast ; conse- 
quently also, it was unknown that Pasteur's method was specially 
favourable to the development of yeast diseases in beer. Thus in 
the above work Duclaux, in agreement with Pasteur, mentions 
(p. 618) only bacteria as the disease germs of beer. This, however, 
did not prevent him and other members of the French school fro m 
attempting later on to give quite a different interpretation to 
*♦ Etudes sur la bi^re ". It became a regular practice to find in this 
work the now results produced by science after 1876 on the biology 
of yeast fungi and their use in technique. ''Etudes sur la bi^re" 
abounds in contradictory opinions where the yeast fungus is treated. 
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without being decisive as to which is the right one. This is the 
case, e,g., in the question of the parent forms of yeast species (pages 
155, 165, 177), and on top yeast and bottom yeask (On p. 189 of the 
work cited, the view is expressed that a conversion of the one into 
the other does not take place, but on p. 838 the contrary is stated, 
viz,, that the conversion of bottom yeast into top yeast can take 
place in breweries, a method even being described to prevent this.) 
By this means much confusion in the literature, and now and thou 
little disputes, have been caused. The discussions of possibilities 
which occur in so many places in Pasteur's work enabled any one 
to find nearly always what he deshred. '* ifitudes sur la bi^ra" was 
not used as a scientific work, but rather as a Bible. 
On the dispute which Hansen's work caused see p. 355. 

XII. — Traubb, MoRiTZ : Theorie der Fermentwirkungen. Berlin, 
1858. 

XIII. — DB Sbynbs, Jules : Sur le Mycoclemia vini. (Compt. 
rend., Tom. Ixvii., 1868, p. 105.) 

XIV. — Rebss, Max : Botanische Untersuchiingen iiber die Alko- 
holgahningspilze. Leipzig, 1870. 

XV. — Brsfeld, Oscar: (1) Methoden zur Untersuchung der 
Pilze. (Ber. d. med.-phys. Ges. zu Wiirzburg, 1874 ; also in 
Landwirtsch. Jahrb., Bd. iv., 1875, p. 160.) 

(2) Botanische Untersuchungen iiber Schimmelpilze. 

Heft 2 und 4, 1874 and 1881. 

XVI. — Lister, Joseph : On the Lactic Fermentation and its bearing 
on Pathology. (Trans, of the Path. See. of London, Vol. 
xxix., 1878, p. 445.) 

XVII. — HOJ.ZNER, Georo : Zymotechnische Riickblicke aiif das 
Jahr 1877. (Zeitschr. f. d. ges. Brauw., 1878, p. 142.) 

XVIII. — V. Nageli, Carl : Theorie der Giining. Miinchen, 1879. 

XIX. — Hansen, Emil Chr. : (1) Contributions a la connaissance 

des organismes qui peuvent se trouver dans la bi^re et le 

moiit de bifere et y vivre. (Compt. rend, des trav. du 

laborat. de Carlsberg, Tom. i., livr. ii., 1879, p. 49.) 

In the ahove work Hansen communicates the preliminary in- 
vestigations for his reforming researches published in the following 
years. 

23 
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Hansen, Emil Chr. : (2) Recherches aur les organismes qui, k 
diff(Srente8 ^poques de I'ann^, se trouvent dans Fair, a 
Carlsberg et aux alentours, et qui peuvent se d^velopper 
dans le modt de bidre. {Ibid,, Tom. i., livr. iv., 1882.) 

In the note on p. 206 the chief features of Hansen's spore analysis 
are given. His first pure culture method is described on p. 212, and 
on p. 217 are described the first experiments on diseases in beer 
caused by fungi of alcoholic fermentation. 

(3) Maladies provoqu^es dans la hihre par des ferments 



alcooliques. {Ibid,, Tom. ii., livr. ii., 1883, p. 52.) 

— (4) Les ascospores chez le genre Saccharomyces. 



M6thode8. {Ibid,, Tom. ii., livr. ii., 1883, p. 28.) 

— (5) M^thodes pour obtenir des cultures pures de Saccharo- 



myces et de microorganismes analogues. {Ibid., Tom. ii., 
livr. iv., 1886, p. 92.) 

— (6) Qu'est-ce que la levftre pure de M. Pasteur 1 {Ibid,, 



torn, iii., livr. i., 1891, p. 24.) 

The. most important researches of Hansen are contained in the 
four works mentioned below. 

— (7) Recherches sur les oiganismes qui, k diff6rentes 



6poques de I'ann^e, se trouvent dans I'air, a Carlsberg et 
aux alentours, et qui peuvent se d6velopper dans le moilt 
de bi6re. (Corapt. rend, des trav. du laborat. de Carlsberg, 
1879, 1882.) 

— (8) Recherches sur la physiologic et la morphologic des 



ferments alcooliques. {Ibid,, 1881, 1883, 1886, 1888, 1891, 
1898, 1900, 1902.) 

— (9) Recherches sur les bact^ries ac6tifiantes. (Compt. 



rend, des trav. du laborat. de Carlsberg, 1879, 1894, 1900.) 

— (10) Untersuchungen aus der Praxis der Garungsin- 
dustrie. 

The first edition of this work is given in Danish, with a rdsunU 
in French in the "Compt rend, des trav. du laborat. de Carlsberg/' 
1888, 1892. Of the more complete German edition (Oldenbourg, 
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Munich and Leipzig) there appeared : Part I., edition 1, 1888 ; edition 
S, 1890; edition 8, 1895; Part II., 1892. The collected EngUsh 
e^tion appeared in 1896. (Spon, London and New York.) 

The first to advocate Hansen's pure culture system in the litera- 
ture was Carl Lintner, sen., who was then professor and director of 
the Boyal Bavarian Agricultural Gentralschule in Weihenstephan 
(Zeltschr. f. d. ges. Brauw., 1884, p. 245). Auhry at the same time 
introduced Hansen's innovations into the scientific brewing station 
«t Munich. In his report for the year 1897 (p. 591 in the above 
joamal), Will mentions that ** the epoch-making ideas of Hansen 
have found a home and fostering ground in this station for more 
than a decade ". ** Our station," he adds, ** was the only one for a 
long time which disseminated them among brewing circles on the 
CSontinent and gave them due recognition. The stormy period and 
the vigorous struggle is probably still in the memory of each of us, 
which was necessary to overcome the many prejudices which opposed 
the introduction of the pure cultivated yeast into practice, not only 
on the part of practical men, but also of eminent theorists, and to 
allay the misunderstandings which were always cropping up." 
Later on the acceptance became general. 

In Denmark, Ghr. Gronlund and Alfr. Jorgensen in particular 
advocated Hansen's reforming works, and the latter particularly has 
striven to obtain their general acceptance. (See his text- book *' Die 
Microorganismen der Garungsindustrie," 1-4 editions, 1886-1898 ; 
also " Oentralbl. f. Bakt., Parasitenk. u. Infektionskr.," 2 Abt., 1897, 
p. 665, and finally the section: "Die Theorie der Garung," in 
Thausing's ** Malzbereitung und Bierfabrikation," 1898, p. 651, 
besides his numerous articles in the brewing journals.) In this con- 
nection may be named also the two jubilee reports which the Old 
and New Garlsberg breweries published in 1896 and 1897 re- 
spectively ; likewise the articles published by Kjeldahl in the 
** Nationaltidende," 15th May, 1887, and 10th November, 1897, by 
W. Johannsen in his textbook and E. Rostrup in the " Biographisk 
Lexikon ", 

Particulars of the dispute which the pure culture system aroused 
are given in the " Wochenschr. f. Brauerei " and the " Zeitschr. f. 
ges. Brauw.," in the years following 1883. Velten and Duclaux 
have been mentioned on p. 352. The attacks were not always made 
in the most considerate manner, and they have been continued 
down to the present time. (On this point see J. Chr. Holm, 
"Hansen's Beinzuchtsystem in Frankreich, Oentralbl. f. Bakt., 
Parasitenk. u. Infektionskr.," 2 Abt., 1899, p. 641, where still further 
references are given ; they supplement the final chapter in Jor- 
gensen 's text-book, 1898.) 

In the introduction to his " Mikroskopische Betriebskontrolle in 
den Garungsgewerben," 1 Aufl., 1895; 2 Aufl., 1898, P. Lindner on 

23* 
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p. 10 writes appreciatively : '* Hansen by the use of the pnre onltare 
becomes the reformer in the science of yeast organisms, as Koch was 
in that of bacteria ". The object of his book, however, consists in 
substituting in several places other methods in place of those intro- 
duced by Hansen ; methods, vi«., which more resemble those of 
Koch. In it, he attacks several points in Hansen's work in that 
direction which have been defended by Alfr. Joigensen and Will. 
The latter says (Zeitschr. f. d. ges. Brauw., 1899, p. 612): ''The 
pioneer researehes of Hansen have brought about a complete revolu- 
tion in this direction. The extension of Pasteur's study of the 
organisms which produce diseases in beer, by Hansen, who showed 
that diseases are also produced by yeast species, and the build- 
ing up of this theory by the latter investigator, his pupils and the 
zymo-technical laboratories, have advanced to such a point, that 
to-day we can with comparative quickness and certainty, by char- 
acteristic appearances, recognise all those organisms, in particular 
those yeasts, which are foreign to a normal yeast or fermentation 
and consequently also to a normal beer." Will and Jorgensen 
themselves have contributed. Among others, Prior*s laboratory 
also took up Hansen's analytical methods. The latter depend in 
general on the study of important and characteristic physiological 
functions, but morphological characteristics were also included 
where this was possible. The same analysis can, of course, in many 
cases be performed in different ways. There is room enough for 
other methods besides those given by Hansen. 

For illustrating the progress of the development it is instructive 
to go through various successive editions of textbooks and hand- 
books of the fermentation industries, e.g.^ such works as that of 
Thausing mentioned above. Even at the beginning of the eighties 
no mention is made of a reform with regard to the yeast question ; 
but in the following years Hansen's ideas make themselves in- 
creasingly felt. 

As regards the pure culture system in wine manufacture, see 
Wortmann's book, " Die Anwendung und Wirkung reiner Hefen in 
der Weinbereitung," Berlin, 1895. On the pure culture system in 
spirit and pressed yeast manufacture, see Delbriick and P. Lindner 
in the '• Zeitschr. f. Spiritusindustrie," and " Wochenschr. f. 
Brauerei," 1892 and 1895. 

Although a large part of Hansen's investigations deals with the 
study of species, and although they depart from new points of view 
and have given rise to important progress, systematic botany has 
hitherto paid little or no attention to them. Descriptive botanists 
repeated substantially the methods of description of Reess, and pro- 
ceeded from the old fallacy that a microscopical investigation is 
sufficient to distinguish the systematic units from one another. It 
is still more unfortunate that such a doctrine is taught in more than 
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one of the Teclmisclie Hooksohulen. The theoretical ftspects of 
Hansen's research received special recognition in mycologioal text- 
books {e.g,, Zopf's Die Pilze, 1890), and in those of the chemistry of 
fermentation {e.g., Bourquelot, 1889; Langer, 1890; Ad. Mayer, 
1895; Prior, 1896). It has introduced a new chapter into this 
literature. 

XX. — LiNTNER, Carl: Uber Malz und dessen Einfluss auf die 
Haltbarkeit und Gute des Bieres. (Zeitschr. f. d. ges. 
Brauw., 1880, p. 384.) 

XXI. — KoGH, Robert: (1) Zur Untersuchung von pathogenen 
Oi^ganismen. (Mitt, aus d. Kaiserl. Gesundlieitsamte, Bd. 
i., 1881, p. 1.) 

— (2) According to Hueppe, the important plate culture 

was first demonstrated on the occasion of the Hygiene Exhi- 
bition in a lecture given by Koch during the XI deutschen 
Arztetage, 1883, at Berlin. . Special directions for these 
cultures were first published by Biedert in the Deutsche 
Medicinal-Zeitung, 1881. 

XXII. — Thausing, Julius: Einfluss der Hefegabe auf Haupt- 
gahrung, Hefe und Bier. (Allg. Zeitschr. f. Bierbrauerei, 
1884, p. 872.) 

XXIII. — Fischer, Emil: (I) Die Chemie der Kohlenhydrate und 
ihre Bedeutung fiir die Physiologic. Berlin, 1894. 

(2) Einfluss der Konfiguration auf die Wirkung der 

Enzyme. (Ber. d. deutsch. chem. Gcs., Bd. xxvii., 1894,^ 
and xxviii., 1895.) 

XXIV. — Dblbruok, Max : Lecture. (Wochenschr. f. Brauerei, 
Bd. xii., 1895, No. 30, pp. 732 733.) 

XXV. — BuGHNBR, Eduard: Fortschritte in der Chemie der 
Garung. Tiibingen, 1897. 

Sbction II. (Pages 16 to 169). 

1. Text-BookSy Handbooks and Journals, 

Db Bart, A., and Woronin, M. : Beitrage zur Morphologic und 
Phjsiologie der Pilze. 2. Reihe. Frankfurt, 1866. 
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BsHRBNs, W. : Tabellen zum Q^brauch bei mikroskoipechen 
Arbeiten. Braunschweig, 1898. 

DiPPEL, L. : Das Mikroskop und seine Anwendung. Braun- 
schweig, 1882. 

Fribdlander: Mikroskopische Technik. Bearb. v. Eberth. 6, 
Aufl. Berlin, 1900/ 

HuKPPB, F. : Die Methoden der Bakterienforschung. 5. Aufl. 
Wiesbaden, 1891. 

JoROBNSBN, A. : Die Mikroorganismen der Garungsiudustrie. 4* 
Aufl. Berlin, 1898. 

Lapar, F. : Technische Mykologie. I. Schizomyceten-Garungen. 
Jena, 1897. 

LiNDNBR, P. : Mikroskopische BetriebskontroUe in den Garungs- 
gewerben. Berlin. 1 Ausg., 1895; 2 Ausg., 1898. 

LiNTNER, C. J. : Handbuch der landwirtschaftl. Gewerbe. Berlin, 

1893. 

Considers the applioation of the pure culture system not only in 
breweries, but also in distilleries and in pressed yeast manufacture. 

MoRiTZ and Morris : A Text-book of the Science of Brewing. 
London, 1891. 

Strasburgbr, E. : Das botanische Practicum. Jena, 1887. 

Sykbs, W. J. : The Principles and Practice of Brewing. London, 

1897. 

References to the pure yeast system in English top fermentation 
breweries. 

Centralblatt fiir Bakteriologie, Parasitenkunde imd Infektions- 
krankheiten. 2. Abt. Herausg. von Oscar Uhlworm and 
Emil Chr. Hansen. Jena, 1895 f. 

Jahresbericht iiber die Fortschritte in der Lehre von den 
Garungsorganismen. Herausg. von Alfr. Koch. Braun- 
schweig, 1891. 

Zeitschrift fiir wissenschaftliche Mikroskopie. Herausg. von W. 
J. Behrens. Braunschweig, 1884 f. 
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2. Special Works, 

Brbfbld, 0. : Methoden zur Untersuchung der Pilze. (Ber. d. 
med.-phjB. Ges. zii Wiirzburg, 1874; also in Landwirtsch. 
Jahrb. Bd. iv., 1875.) 

Botanische Untersuchungen iiber Schimmelpilze. Parts 

2 and 4, 1874 and 1881. 

The above researches are specially important as regards methods 
of studying morphology and life history. 

Grbo, p. H. : Fermentation in Rum Distilleries. (The Sugar- 
Cane. Vol. xxv., 1893, No. 292.) 

Hansen , Emil Chr. : Contributions a la connaissance des 
organismes qui peuvent se trouver dans la bi6re et le moiit 
de bi^re et y vivre. (Compt. rend, des travaux du laborat. 
de Carlsbeig, Tom. i., livr. ii., 1879, p. 49.) 

Sur le Saccharomyces apiculatus et sa circulation dans 



la nature. {Ilnd,, Tom. i., livr. iii., 1881, p. 159.) 



— Recbercbes sur les organismes qui, a diff(6rente8 dpoques 

de Tann^, se trouvent dans Tair, k Carlsberg et aux alentours, 

et qui peuvent se d^velopper dans le moiit de bi6re. {Ibtd,, 

Tom. i., livr. iv., 1882, p. 197.) 

Here also are found the principles of Hansen's spore analysis 
(p. 206) and his first pure culture method (p. 212). 

Lea ascopores cbez le genre Saccharomyces. {Ibid,, Tom. 



ii., livr. ii., 1883, p. 13.) 

On p. 23 and following there is a somewhat more detailed descrip- 
tion of Hansen^s pure culture methods and of his spore culture 
method. 

— Uber Wiesner's neue Priifungsmethode der Pressbefe. 



(Dingler's polytechn. Journal, 1884.) 

M^tbodes pour obtenir des cultures pures de Saccharo- 



myces et de microorganismes analogues. (Ck>mpt. rend, des 

travaux du laborat. de Carlsberg, Tom. ii., livr. iv., 1886, 

p. 92.) 

A detailed description of the manipulations in his pure culture 
methodi. 
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Hansen, Emil Chr : Les voiles chez le genre Saccharomjces. 
(Ibid., Tom. ii., livr. iv., 1886, p. 106.) 

Untersuchungen aus der Praxis der Garungsindustrie, 

Heft 1, 1. Ausg., 1888; 3. Ausg., 1895, Heft 2, 1892. 
Miinchen und Leipzig. 

The contents of Part 1 are as follows : 1. The pure coltuie. x>i 
methodically selected jeasts in the service of the industry. 2. Studies 
of yeast species. 3. On the practical testing of heer in lager casks, 
with respect to its stability. Part 2 contains: 1. The technical 
analysis of the micro-organisms of air and water. 2. What is 
Pasteur's pure yeast ? 3. Investigations on diseases caused in beer 
by alcoholic fermentation fungi. 4. On the present-day use of my 
pure yeast culture system. 

The majority of the above works are to be found in Danish, with 
r^urn^s in French, in the journal of the Garlsberg laboratory. Also 
the English edition mentioned above, London, 1896. 

Sur la vitality des ferments alcooliques et leur variation 

dans les milieux nutritifs et a I'^tat sec. {Ibid,, Tom. iv., 

livr. iii., 1898, p. 93.) - 

Methods are given here for preserving pure not only yeast species, 
but also alcoholic fermentation fungi in general. 



— Neiie Untersuchungen iiber die Sporenbildung bei den 
Saccharomyceten. (Centralbl. f. Bakt., Par. u. Inf. 2. Abt., 
Bd. v., 1899, No. 1.) 

— La variation des Saccharomyces. (Compt. rend, des 



travaux du laborat. de Garlsberg, Tom. v., livr. i., 1900.) 

Holm, J. Chr. : Sur les m^thodes de culture pure et, sp^cialement, 
sur la culture sur pla(.]ucs de M. Kocb et la limite des erreurs 
de cette m6thode. (Compt. rend, des travaux du laborat. de 
Carlsberg, Tom. iii., livr. i., 1891, p. 1. In Grerman in 
Zeitschr. f. d. ges. Brauw., 1891, S. 458.) 

Analyses biologiques et zymotechniiiues de Teau destin^e 

aux brasseries. (Compt. rend, des travaux du laborat. de 
Carlsberg, Tom. iii.,^livr. 2, 1892, p. 107.) 

Holm, J. Chr., et Poulsen, S. V. : Jusqu'a quelle limite peut- 
on, par la m6thode de M. Hansen, constater une infection de 
** levdre sauvage" dans une masse de levdre basse de Sac- 
charomyces cerevisise ? (Compt. rend, des travaux du laborat. 
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de Carlsberg, Tom. ii., livr. iv., 1886, p. 88 et Tom. ii., 
livr. v., 1888, p. 137.) 

JoRQBNSBN, Alfr. : Vorlaufiger Bericht iiber Versuche im grossen 

mit absolut reiner Obcrhefe, nach Hansen's Methode 

dargestellt. (Allg. Zeitschr. f. Bierbr. u. Malzfabr., .1885, 

No. 36.) 

This has a special interest as it is the first oonimunication on the 
application of pare yeast species in top fermentation. 

Die Anwendung der nach Hansen's Methode reingezuch- 

teten obergarigen Hefe in der Praxis. (Brauer- u. Malzer- 
Kalender f. Deutschland u. Osterreich. Stuttgart, 1889-90.) 
Referat von Will in Zeitschr. f. d. ges. Brauw., 1890. 

It is shown here that in certain cases a special aeration of the wort 
can hasten the clearing. 

Zur Analyse der obergarigen Hefe in Brauereien und 



Brennereien nach Hansen's Methode. (Zeitschr. f. d. ges. 
Brauw., 1891.) 

Uber die Anwendung von Hansen's System in Ober- 



garungsbrauereien. {Ibid., 1893.) 

On Hansen's System of Pure Yeast Culture in Elnglish 



Top Fermentation. (Trans, of the Inst, of Brewing. Vol. 
vii., 1894.) 

In the above two communications the same subject is treated but 
from different standpoints. A special interest attaches to the com< 
munication of 1898. 

JoRGBNSBN, Alfr., et HoLM, J. Chr. : Le proc^6 de M. Effront 
pour la purification et la conservation de la levdre k I'acide 
fluorhydrique et des fluorures. (Monit. scient. du Dr. 
Quesneville. 4 S6r. Tom. vii., 1893. Zeitschr. f. d. ges. 
Brauw., 1893.) 

Koch, R. : Zur Untersuchung von pathogeuen Organismen. 

(Mitt, aus dem Kaiserl. Gesundheitsamte, Bd. i., Berlin, 

1881.) 

Fundamental investigations for the technique as regards the use 
of nutrient gelatine for cultivating micro-organisms. 

MiQUBL ; Dixi6me m^moire sur les poussi^res organis^es de Pair 
et des eaux. (Annuaire de Montsouris. Paris, 1888.) 
Of importance as regards the methods of examining air and water. 



362 FERMENTATION ORGANISMS 

MtTLLRR-THUROAU, H. : Neue Forachungaresultate auf dem 
Gebiete der Weingarung und deren JBedeutung fur die 
Praxis. (Ber. iiber d. Verb. d. xi. deutsch. Weinbau- 
Kongresses in Trier, 1889.) 

Ergebuisse neuer Untersucbungen auf dem Gebiete der 



Weinbereitung. (Ber. iiber d. Verb. d. xii. deutscb. Wein- 
bau-Kongresses, 1891.) 

— Ijber neuere Erfabrungen bei Anwendung der Reiuhefen 



in der Weinbereitung. Mainz, 1 896. 

Pasteur, L. : Etudes sur la bi^re. Paris, 1876. 

Of the extremely rich and varied contents the following are 
specially important for this section : Descriptions of yarious culture 
flasks (pp. 27, 29, 88, 828 and 881), sterilisation of nutrient solutions 
(pp. 29 and 882), composition of artificial nutrient liquids (pp. 89' 
and 819), etc. 

t 

ScHioNNiNO, H. : Mati-as pour cultures sur blocs de pl&tre. 
(Compt. rend, des travaux du laborat. de Carlsberg, Tom. 
iv., livr. ii., 1896, p. 89.) 

Sbifbrt, W. : Verwendung von Reinzucbtbefen in der Kellerwirt- 
schaft. (Osterr. landwirtscb. Wocbenbl., 1897.) 

WicHMANN, H. : Neuere Hefereinzucht-Apparate. (Mitt. d. 
osterr. Vers. -Stat. f. Brauerei u. Malzerei in Wien, Heft 6,. 
1894.) 

Will, H. : Wie wird reiiie Hefe gezucbtet? (Zeitscbrift f. d. 
ges. Brauw., 1885.) 

Notiz betr. den Nacbweis von wilden Hefearten in 

Brauereihefen und Jungbieren, sowie das Vorkommen von 
Sacch. apiculatus in denselben. {Ibid,, 1893.) 

Zur Untersuchung hefentriiber Biere. (Forscbungsber. 



iiber Lebensmittel. 1. Jabrg., Heft 10, 1894.) 

Die Methoden, welcbe bei der Reinziicbtung von Heffr 



und ahnlichen Organismen durch Einzellkultur auf festem 
Nahrboden zur Feststellung der Lage der ausgewablten 
Zellen in den Kulturen zur Anwendung kommen. (Cen- 
tralbl. f. Bakt. u. Par., 2 Abt., Bd. ii., 1896.) 
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Will, H. : Einige Bemerkungen iiber die Lebensdauer getrookneter 
Hefe. (Zeitschr. f. d. ges. Brauw., 1896. Addenda are 
found ifnd., 1897, 1898 and 1899.) 

Einiges aus der Praxis des physiologischen Laboratoriums. 



(Zeitschr. f. d. ges. Brauw., 1899.) 

WoRTMANN, J. : Untersuchungen iiber reine Hefen i., ii. (Land- 
wirtsch. Jahrb. 1892 und 1894.) 

• * 

Uber die Verwendung von reinen Weinhefen bei der 



Apfelweinbereitung. (Weinbau und Weinhandel, 1893.) 
Cber die Anwendung von rein geziichteten Hefen bei der 



Schaumweinbereitung. {Ibid.) 

— Mitteilung iiber die Verwendung von konzentriertem 



Most fiir Pilzkulturen. (Botan. Zeit., Bd. li., 1893.) 

— Die Verwendung und Bedeutung reiner Hefen bei der 



Weinbereitung. (Ber. iiber die Verb. d. deutsch. Wein- 
bau vereins in Neuenahr, 1893.) 

— Anwenduug und Wirkung reiner Hefen in der Wein- 



bereitung. Berlin, 1895. 
Comprehensive review and guide for practical men. 

Uber Fehler, welche bei Anwendung von Reinhefen 



gemacht wurden. (Ber. iiber d. Verhandl. des xvii. 
deutschen Weinbau-Kongresses in Trier, 1898.) 

Untersuchungen iiber das Umschlagen der Weine. 



(Weinbau und Weinhandel, 1899.) 

Sbction III. (Pages 170 to 345). 
1, Text-Books, Handbooks and Jounuils, 

Di Bary, a. : Vergleichende Morphologic und Biologie der Pilze,. 
Mycetozoen und Bacterien. Leipzig, 1884. 

DocLAUX, £. : Chimie biologique. Paris, 1883. 

J5RG1NSBX, Alfr. : Die Mikroorganismen der Garungsindustrie, 
4. Aufl. Berlm, 1898. 
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LiNDNSR, P. ! Mikroskopiaobe BetriebBkontrolle in den QarungB- 
gewerben. 2. Aufl. Berlin, 1898. . 

Mayer, Adolf : Die Garungsohemie. 4. Aufl. Heidelberg, 
1895. 

Prior, K : Chemie u. Physiologie des Maizes vu des Bieres. Leip- 
zig, 1896. 

ZoPF, W. : Die Pilze in morphologischer, phjsiologischer, bio- 
logiscber iind systematiscber Beziebung. (Handb. der 
Botanik, berausg. von Sebenk. Bd. iv.) Breslau, 1890. 

Centralblatt fiir Bakteriologie, Parasitenkunde und Infektions- 
krankbeiten. 2 Abt. Herausg. von Oscar Ublworm imd 
Emil Cbr. Hansen. Jena, 1895 f. 

Jabresbericbt iiber die Fortscbritte in der Lebre von den Garungs- 
organismcn. Herausg. von Alfr. Kocb. Braunsebweig, 1891. 

2. Special Works on True Fungi, 

• • 

Adekhold, R. : Uber die Morpbologie deutseber Weinbeferassen. 
(Ber. der Konigl. Lebranstalt f. Obst-, Wein- u. Gartenbau 
zu Geisenheirn a. Rb. f. 1893-94.) 

Die Morpbologie der deutscben Saccbaromyces ellip- 

soideiis-Rassen. (Landwirtscb. Jabrb., Heft 4, 1894.) 

Amthor, C. : Studien iiber reine Hefen. (Zeitscbrift fiir pbysiolog. 
Chemie. Bd. xii.. Heft 1 u. 2, 1888.) 

Lber den Saccbaromyces apiculatus. (Zeitscbr. f. 

j)hy8iolog. Chemie. Bd. xii.. Heft 6, 1888.) 

Bainier, G. : Observations sur les Mucorin^es et sur les zygo- 
spores des Muco rinses. (Ann. d. Sc. nat. Bot., 6. Ser. Tom. 
XV., 1883.) 

Nouvelles observations sur les zygospores des Mucorin^es. 

{lind. Tom. xix., 1884.) 

DE Bary, A. : Beitriige zur Morpbologie und Physiologic der 
Pilze, 111. Frankfurt, 1870. 

DE Bary und Woronin : Zur Kenntnis der Mucorineen. 1866. 
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Batj, a. : Der Sammelbegriff Saccharomyces cerevisipe. (Wo- 
chenschr. f. Brauerei, 1894, No. 43.) 

Behrbns, J. : Die Infektionskrankheiten des Weines. (Centralbl. 
f. Bakt. u. Par., 2. Abt., Bd. ii., 1896, Nos. 6, 7.) 

Beitrage zur Kenntnis der Obstfaulnis. {Ibid, Bd. iv.. 



1898.) 

Bbijbringk, M. W. : Die Lactase, ein neues Enzym. (Centralbl. 
f. Bakt. u. Par., 1889.) 

■ Schizosaccharomyces octosporus, einejachtsporige AJkohol- 



hefe. {Ibid., 2. Abt., 1894.) 

Weitere Beobachtuugen iiber die Octosporushefe, {Ibid,y 



1897.) 

Bbnbgkb, W. : Die zur Emahruug der Schimmelpilze notwendigen 
Metalle. (Jahrb. f. wissensch. Botauik, Bd. xxviii., Heft 3, 
1895.) 

Die Bedeutung des Kaliums und des Magniums fiir 

Entwicklung und Wachstum des Aspergillus niger, v. Th., 
sowie einiger anderer Pilzformen. (Botan. Ztg. , Heft 6, 1896,) 

Brbpbld, 0. : Botanische Untersuchungen iiber Schimaielpilze. 
I., 1872; II., 1874. 

Of special interest in part 1 are the researches on Mucor MucedOy 
and in part 2, the life history of Penicilliutn. 

Uber Garung. (Landw. Jahrb., 1874, 1875, 1876.) 

Brown, A. J. : Some Experiments on the Numerical Increase of 
Yeast Cells. (Trans, of the Laboratory Club, Vol. iii., 1890, 
No. 4.) 

The Specific Character of the Fermentative Functions of 

Yeast Cells. (Trans, of the Chem. Soc., 1894.) 

Fermentative Power. An Answer to Criticism by M. E. 



Duclaux. (Centralbl. f. Bakt. u. Par., 2. Abt., Bd. iii., 
1897, Nos. 2, 3.) 

Influence of Oxygen on Alcoholic Fermentation. (Trans. 



of the Chem. Soc., 1892, Nr. 107.) 
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BuoHNER, E. : Fortachritte in der Chemie der Garung. Tubingen 

1897. 

Besides the above commonioation, Buohner has published, some- 
times by himself, sometimes in conjanotion with Rapp, a series of 
special researches in ** Ber. d. deutsch. chem. Oes.," 1897, 1898 and 
1899. 

Calmettb: La leviire chinoise. (Ann. de Tlnst. Past., Tom. vi., 
1892.) 

Casaqrandi, O. : Uber die Morpholog^e der Blastomyceten. 
(Centralblatt f. Bakt., Par. u. Inf., 2. Abt, Bd.'iii., 1897, Nos. 
21,22.) 

Chambbrland, Cu. : Recberches sur Torigine et le d^veloppement 
des organismes microscopiques. Paris, 1879. 

CiENKOWSKi : Die Pilze der Kahmhaut. (Bull, de TAcad. imp^r. 
des Sc. de St. P^tersbourg, Vol. xvii., 1873.) 

EiJKMAN : Mikrobiologiscbes liber die Arrakfabrikation in Rata via. 
(Ceutralbl. f. Bakt. u. Par., Bd. xvi., 1894, No. 3.) 

Enqbl : Les ferments alcooliques. Paris, 1872. 

Errera, Lbo : Sur I'existence du glyoogdne dans la levdre de 
bi^re. (Compt. rend, de TAcad. des Sc, 1885.) 

In connection with the above, Laurent (Annal. de Tlnst. Past., 
1889) and Glautriau (M^m. publ. par I'Acad. royale de Belgique, 
1895) have published later communications on glycogen in yea.st. 
One of P. Lindner's papers mentioned below is also on this subject. 

Fischer, Emil : Die Chemie der Kohlenbydrate und ihre Bedeu- 
tuiig fiir die Physiologie. Berlin, 1894. 

Einfluss der Koufiguration auf die Wirkung der Enzyme 

II. (Ber. d. deutsch. chem. Ges., Bd. xxvii., 1894.) 

Fischer, besides the above, has published several papers in con- 
junction with P. Lindner and H. Thierfelder in *'Ber. d. deutsch. 
chem. Ges.," 1894 and 1895, on the enzymes contained by saccharo- 
mycetes, and on the behaviour of the latter to the different sugars. 

Giltay, E. : Pasteur und die alkoholische Garung. (Jahrb. f. 
wissensch. Bot., Bd. xxx., Heft 1, 1895.) 

• ■ 

GiLTAY, E., und Aberson, J. H. : Uber den Einfluss des Sauer- 
stoffzutrittes auf Alkohol und Kohlensaurebildung bei der 
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alkoholischen Garung. (Jahrb. f. wissensch. Bot., Bd. xxvi., 
1894.) 

iNSBN, Emil Chr. : Contributions k la connaissance des 

organismes qui peuvent se trouver dans la bi6re et le moiit 

de bi^re.et y vivre. (Compt. rend, des travaux du laborat. 

de Carlsbei^, Tom. i., livr. ii., 1879.) 

Describes a large number of micro-organisms which belong to the 
varioos divisions of the system; gives systematic descriptions and 
morphological and physiological investigations. (Communications 
on the vinegar bacteria are to be found in the literature review of. 
bacteria.) 



— Recherohes sur les organismes qui, a diff^rentes ^poques 
de Tann^e, se trouvent dans Fair, a Carlsberg et aux alen- 
tours, et qui peuvent se d^velopper dans le motlt de bi6re. 
(Ibid.) 

— Sur rinfluence que Tintroduction de I'air atmosph^rique 



dans le moiit qui fermente exerce sur la fermentation. {Ibid,) 
— Hypoth^se de Horvath. {Ibid,) 

Sur le Sacch. apiculatus et sa circulation dans la natiu^. 



{Ibid., Tom. i., livr. iii., 1881.) 

The first communication on this subject was published by Hansen 
in *' Hedwigia " in 1880. The researches on the circulation of true 
saccharomycetes in nature are begun here and in the above paper 
on the organisms of the air. 

— Recberches sur les organismes qui k diffi6rentes 6poques 



de Tann^e se trouvent dans I'air, k Carlsberg et aux alentours, 

et qui peuvent se d6velopper dans le moilt de bi^re. 2i^ni« 

M6moire. {Ibid., Tom. i., livr. iv., 1882.) 

Contains not only researches on the circulation of various micro- 
organisms in nature, but also gives in the concluding section special 
investigations on several species (Dematium pullulans and the allied 
forms, O'idium lactis^ CJuilara mycoderma, and various Saccharomyces, 
among them one species which gives a bitter taste to beer). 

— Los ascospores chez le genre Saccharomyces. {Ibid., 



Tom. ii., livr. ii., 1883.) 

On p. 18 are given the essentials of what was known at that time 
of spore formation in the saccharomycetes, also a full bibliography. 
On p. 23 and following, Hansen's spore cultivation method and his 
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pure culture method for mass cultures of saochacomycetes are de- 
scribed. On p. 81 experiments are described, and with them are 
given spore curves for the six species : Saech. eereviauB /., 8, Pastory 
anus J., IL and IIL, S. eUipsoideua L and II, In addition, the rela- 
tion of temperature to spore formation is treated in generaL 

Hansbn, Emil Chr. : Sur les Torulas de M. Pasteur. {Ibid'.) 
Neue Untersuchungen iiber Alkoholganmgspilze. (Ber. 



der deutscb. botan. Gee., 1884.) 
Researches on Monilia Candida, 

— Vorlaufige Mitteilungen iiber Ganmgspilse. (Botan. 



Centralbl., Bd. xxi., 1885, No. 6.) 

The gelatinous network, coalescence of spore walls, septum forma- 
tion, the behaviour of Sacch. apiculatus under the action of sunlight. 

Les voiles chez le genre Saccharomyces. (Compt. rend. 



des travaux dii laborat. de Carlsberg, Tom. ii., livr. iv., 
1886.) 

In addition to the investigations indicated by the title there are 
observations on the cell nucleus of saccharomycetes (p. 125), and 
new researches on the gelatinous network (p. 126). 

— Noch ein Wort iiber den Einfluss der Kohlensaure .auf 



Garung und Hefebildung. (Zeitschr. f. d. ges. Brauw., 
1887, No. 13.) 

Neue BeiTierkungen zu Foth*s Abhandlung : ** Einfluss 



der Kohlensiiure auf Garung und Hefebildung ". (Wochen- 
schr. f. Brauerei, 1887.) 

Action des ferments! alcooliques sur les di verses esp^ces 



de Sucre. (Compt. rend, des travaux du laborat. de Carls- 
berg, Tom. ii., livr. v., 1888.) 

Also descriptions of new peculiar species. 

Untersuchungen aus der Praxis der Garungsindustrie. 



(Beitrage zur Lebensgeschichte der Mikroorganismen.) 1. 
Heft, 1. Aufl., 1888 ; 3. Aufl., 1895; 2. Heft, 1892. 

As regards the contents, see p. 360. 

— Uber die im Schleimflusse lebender Baume beobachteteu 



Mikroorganismen. (Centralbl. f. Bakt. u. Par., Bd. v., 

1889.) 

First investigations on asporogenous varieties of Sa4xharomyces are 
also given here. 
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Hansen, Eniii Chr. : Nouvelles recherches siir la cireulation du 
Saccharomyces apiculatus dans la nature. (Ann. d. sc. nat. 
Bot., 7 S^r., Tom. xi., No. 3, 1890. — Ann. de Micrographie, 
1890.) 

Contains also researches on the circulation of true saccharomycetes. 

Production des variety cbez lea Saccharomyces. (Ann. 

de Micrographie, Tom. ii., 1890, No. 5.) 

Sur la germination des spores chez les Saccharomyces. 



(Compt. rend, des travaux du laborat. de Carlsberg, Tom. 
iii., livr. i., 1891.) 

— Kritische Untersuchungen iiber einige von Ludwig und 



Brefeld beschriebene Oidium- und Hefenformen. (Botan. 
Zeitung, 1892, No. 19.) 

— Uber die neuen Versuche, das Genus Saccharomyces zu 



streichen. (Centralbl. f. Bakt. u. Par., Bd. xiii., 1893, 
No. 1.) 

Uber kiinstliche und natiirliche Hefereinzucht. (Zeitschr. 



f. d. ges. Brauw., 189*'), No. 14.) 

— Experimental Studies on the Variation of Yeast Cells. 



(Annals of Botany, Vol. ix., 1895.) 

Anlasslich Juhler's Mitteihmg iiber einen saccharomyces- 



bildenden Aspergillus. (Centralbl. fiir Bakt., Par. u. Inf., 
2. Abt., Bd. i., 1895.) 

— Biologische Untersuchungen iiber Mist bewohnende Pilze. 



(Botan. Ztg., Heft 7, 1897.) 

Besides biological researches on Coprini, the life history of Anixi- 
opsis stercorariat explanation of its life limits and contributions to 
the general biology of the reproductive organs. 

— Sur la vitality des ferments alcooliques et leur variation 



dans les milieux nutritifs et k Tetat sec. (Compt. rend, des 
travaux du laborat. de Carlsberg, Tom. iv., livr. iii., 1898.) 

— Neue Untersuchungen iiber die Sporenbildung bei den 



Saccharomyceten. (Centralbl. f. Hakt., Par. n. Inf., 2> Abt., 

Bd. v., 1899, No. 1.) 

24 
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Hansbn, Emil Chr. : La variation des Saccharomjces. (Compt. 
rend, des travaux du laborat. de Carlsbeig, Tom. v., livr. 
i., 1900.) 

Contains a review of the experiments described in the above pre- 
liminary communication, and new contributions are added. This 
paper is especially important because it contains a description of the 
methods, and it is shown for the first time that variations such as 
those described arise from a transformation, and not, as had been 
generally supposed, from a selection. Further, the factors active in 
producing the transformation are determined. 

Ltt spore de Saccharomyces devenue sporange. (/6i'</., 



Tom. v., livr. ii., 1902.) 

Recherches comparatives sur les conditions de la crois- 



sance v^g^tative et le d^veloppement des organes do repro- 
duction des levures et des moisissures de la fermentation 
alcooliqiie. (Ibid., Tom. v., livr. ii., 1902.) 

Hoi.M, J. Chr. : Altere und neuere Ansichten iiber Oberhefe 
imd Unterhefe. (Deiitscher Brauer- und Malzer-Kalender, 

1886-87.) 

Bemerkung zu Foth's Abhandlung iiber den Einfluss der 

Kohlensaure auf die Garthatigkeit der Hefe. (Zeitschr. f. d. 
ges. Braiiw., 1889, No. 15.) 

Einige Bemerkuugeu anlasslich der Mitteilung^ P. 



Lindner's iiber das Wacbstum der Hefen auf festen Nahr- 
V)odcn. (Zeitschr. f. d. ges. Brauw., Bd. xvi., 1893.) 

HiJCKEL : Ziir Kenntnis der Biologic des Mucor corymbifer. Jena, 

1885. 

Janczewski, K. : llecherches sur le Cladosporium berbarum et 
ses conipagnons habituels sur les cer^ales. Krakowie, 1894. 

.lAN.SfSENs, Fh. a. : Beitriige zu der Frage iiber den Kern der Hefe- 
zelle, (Centralbl. f. Ikkt. u. Par., Bd. xiii., 1893, No. 20.) 

Jansskn.s, Fh. A., et Leblanc, A. : Recherches cytologiques sur la 
cellule de leviire. (La Cellule, Tom. xiv., fasc. i., 1898.) 

Johax-Olsen, (). : Norske aspergillusarter udviklingsbistorisk 
studeredc. (Christiauia Videnskabs-Selskabs Forh., 1886, 
Nr. 2.) 
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JoROBNSBK, Alpb. : Vorlaiifiger Bericht iiber Versuche im Grossen 
mit absolut reiner Oberhefe, nach Hansen's Methode darge- 
stellt. (Allg. Zeitschr. f. Bierbr. und Malzfabr., 1885, 
Nr. 36.) 

Jorgensen has continued his researches on cultivated top-yeast 
species and their use in practice. ' The papers relating to this are 
cited on p. 361. 

Der Ursprung der Weinhefen. (Centralbl. f. Bakt., Par. 



u. Inf., 2. Abt, 1895.) 

— liber den Ursprung der Alkoholhefen. (Berichte des 



garungsphys. Laboratoriums von Alfr. Jorgensen. I. Kopen- 
hagen, 1895.) 

— Uber Pilze, welche Ubergangsformen zwischen Schimmel 



und Saccharomyceshefe bilden und die in der Brauereiwiirze 
auftreten. (Zymotek. Tidsskrift. Kjobenhavn, 1896. — 
Centralbl. f. Bakt., Par. u. Inf., 2. Abt, 1896.) 

Die Hefenfrage. (Centralbl. f. Bakt., Par. u. Inf., 2. Abt., 



1898.) 

JoROBNSEN, Alfr. et HoLM, J. Chr. : Le proc6d6 de M. EfFront 
pour la purification et la conservation de la Iev(!lre k Taide de 
Tacide fluorhydrique et des fluorures. (Monit. scient. du Dr. 
Quesneville. 4. S6r. Tom. vii., 1893. — Zeitschr. f. d. ges. 
Brauw., 1893.) 

JuHLBR, J. : Umbildung eines Aspergillus in cinen Saccharomy- 
ceten. (Centralbl. f. Bakt., Par. u. Inf., 2. Abt., 1895, 
S. 16.) 
A second communication on the same subject, ibid.^ p. 326. 

Klebs, Gbobg : Die Bedingungen der Fortpflanzung bei einigen 
Algen und Pilzen. Jena, 1896. 
Only the section on fungi, p. 446, is of interest here. 

Klocker, Alb. : Recherches sur les Saccharomyces Marxianus, 
Sacch. apiculatus et Sacch. anomalus. (Compt. rend, des 
travaux du laborat. de Carlsberg, Tom. iv., livr. L, 1895.) 

La formation d'euzymes dans les ferments alcooliques 

peut-elle servir a caracteriser I'espece ? {Ibid., Tom. v., 

livr. i.. 1900.) 

24* 
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Klockbr, Alb. : Ist die Enzymbildung bei den Alkoholgarungspil- 
zen ein verwerthbaree Artmerkmal f (Centralbl. f. Bakt., Par. 
u. Inf., 2. Abt., Bd. vi., 1900, No. 8.) 

Eine iieue Saccharomycesart (Sacch. Satumns, mihi) init 



eigentiimlichen Sporeu. (Ibid,, Bd. viii., 1902, No. 5.) 

K LOCKER, Alb., and Schionning, H. : Experimentelle Unter- 
siichimgen iiber die vermeintliche Umbildung des Aspergillus 
oryzfie in einen Saccharomyceten. (Centralbl. f. Bakt., Par. 
u. Inf., 2. Abt., Bd. i., 1895, Nos. 22, 23.) 

Experimentelle Untersuchungen liber die ver- 
meintliche Umbildung verschiedener Schimmelpilze iu 
Saccharomyceten. {Ibid,^ Bd. ii., 1896, Nos. 6, 7.) 

Que savons-nous de Porigine des Saccharomyces I 

(Compt. rend, des tnivaux du laborat. de Carlsberg, Tom. 
iv., livr. ii., 1896.) 



Noch einmal Saccharomyces und Schimmelpilze. 

(Centralbl. f. Bakt., Par u. Inf., 2. Abt., Bd. iv., 1898, Nr. 
11.) 

Uber Durchwachsungen und abnorme Konidien- 



bildungen bei Demntium pullulans de Bary und bei andertni 
Pilzeii. (Ibid., M. v., 1899, Nr. U.) 

Phenom6nes d'accroissement perforant et de for- 



mation anoniale des conidies chez le Dematium pullulans, de 
Ikry, et autres chamj)ignon8. (Compt. rend, des travaux 
du laborat. de Carlsberg, Tom. v., livr. i., 1900.) 

Kxv, L. : Die Beziehungen des Lichtes zur Zellteilung bei Sac- 
charomyces cercvisire. (Her. d. deutsch. bot. Ges., Bd. ii., 
Heft 3, 1884.) 

KoRFF, (t. : Eintiuss des Sauerstoffs auf Garung, Garungsenergie 
und Vermehrungsvermogen verschiedener Heferassen uuter 
verschiedenen Ernahningsbedingungen. (Bayr. Brauer- 
Journ., 1899, Nr. 36 u. ff. — Inaug.-Dissert., Jena, 1899.) 

KiJSTER, E. : Zur Kenntnis der Bierhefe. (Biolog. Centralbl., 
Bd. xviii., 1898, No. 9.) 
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Van Laer et Denamur : Notice sur une levftre k attdnuation- 
limite tr68-61ev6e. (Monit. scientif. d. Dr. Quesneville, 
4. S^r., Tom. xlv., livr. dcxliii., 1895.) 

Lafar, F. : tJber einen Sprosspilz, welcher kraftig Essigsaure 
bildet. (Centralbl. f. Bakt. u. Par., Bd. xiii., 1893.) 

Studien iiber den Einfluss organischer Sauren auf Eintritt 

uud Verlauf der Alkoholgarung. I. Die Weinhefen und die 
Essigsaure. (Landw. Jahrb., 1895.) 

Lindner, P. : Uber Durchwachsungen an Pilzmycelien. (Ber. d. 
deutsch. bot. Ges., Bd. v., 1887.) 

Uber rot und schwarz gefarbte Sprosspilze. (Wochenschr. 

f. Brauerei, 1887, No. 44.) 

Das Langwerden der Wiirze durch Dematium pullulans. 

(Ibid., 1888, Nr. 15.) 

Die Ursache des langen Weissbieres. {Ibid., 1889, Nr. 9.) 

Schizosaccharomyces Pombe u. sp., ein neuer Garungs- 



erreger. {Ibid,, 1893). 

— Saccharomyces farinosus u. Bailii. {Ibid,, 1894.) 

Fruchtatherbildung durch Hefeu in Griinmalz und in 



Wiirzen. (Ibid,, 1896.) 

Beobachtungen iiber die Sporen- und Glykogenbildung 



einiger Hefcn auf Wiirzegelatine. Die Blaufarbung der 
Sporen von Schizosaccharomyces octosporus durch Jodlosung. 
(Centralbl. f. Bakt., Par. u. Inf., 2. Abt., Bd. ii., 1896.) 

LiNTNER, C. J. : Studien iiber die Selbstgarung der Hefe. (Cen- 
tralbl. f. Bakt., Par. u. Inf., 2. Abt., Bd. v., 1899, Nr. 23.) 

LoEW, E. : tlber Dematium pullulans. (Pringsheims Jahrbiicher 
f. wissensch. Bot., Bd. vi.) 

LoHMANN, W. : tlber den Einfluss des intensiven Lichtes auf die 
Zellteilung bei Sacch. cerevisiaj und anderen Hefen. Ros- 
tock, 1896. 

LoPRiORS, G. : Die Schwarzc des Getreides. (Landw. Jahrb., 
Bd. xxiii., 1894.) 
Cladosporium herbarum and Dematium pullulans. 
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LoTT : Experimeuts on the Apparent Effect of Mould on Malt, as 
shown in the Composition of the Extract and Beer brewed 
from Mouldy Malt. (Joum. of the Feder. Instit. of Brewing, 
Vol. v., 1899, Nr. 1.) 

Meissner, R. : Studien iiber das Zahewerden von Most und 
Wein. (Laudw. Jahrb., 1898.) 
Torula species. 
MUller-Thuroau, H. : Die Edelfaule der Trauben. (lAudw. 
Jahrb., 1888.) 
Botrytis cinerea. 

Weitere Untersuchungen iiber die Physiologie der Hefe 

und die Bedeutung ausgewahlter und reingeziichteter 
Heferassen fiir die Weingarung. (Schweiz. Zeitschr. f. 
Obst- und Weinbau, 1894.) 
Other papers by Milller-Thurgau are mentioned onjp. 362. 

NiBi^EN, J. Chr. : Sur le developpement des spores du- Sacch. 
membransefaciens, du Sacch. Ludwigii et du Sacch. anomalus. 
(Conipt. rend, des travaux du laborat. de Carlsbei*g, Tom. 
iii., livr. iii., 1894.) 

Pasteur, L. : M6moire sur la fermentation alcoolique. (Ann. de 
chim. et phys., Tom. Iviii., 1860.) 

Etudes sur le vin. Paris, 1866. 

Note sur la fermentation des fruits et sur la diffusion des 

germes des levures alcooliques. (Compt. rend, de TAcad. des 
Sc, Tom. Ixxxiii., 1876.) 

Ltudes sur la bi^re. Paris, 1876. 

Examen critique d'un 6crit posthume de Claude Bernard 

sur la fermeutatiou alcoolique. Paris, 1878. 

Pedersen, R. : Rechcrches sur (|uelques facteurs qui ont de 
I'influence sur la propagation de la lev^lre basse du Sacch. 
cerevisia». (Compt. rend, des travaux du laborat. de Carls- 
berg, Tom. i., livr. i., 1878.) 

Sur linfluence que I'introduction de Tair atmosph^rique 

dans le moflt qui fermente exerce sur la fermentation. (Ibid!) 

Petersen, A. : Einige Bcmerkungen iiber das Liiften der Wiirze. 
(Zeitschr. f. d. ges. Brauw., 1888.) 
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Prior, £. : Pbysikalisch-chemische Erklarung der Garungser- 
scheinuugen. (Bayr. Brauer-Journ., Jahrg. v., 1895.) 

: Erklarung der Garungserscheinungen. {Ibid,) 

Sind die Hefen Frohberg und Saaz der Berliner Brauerei- 

versuchsstation Hefetypen im physiologischen Sinne? {Ibid,) 

Uber die Menge und Natur der bei der Vergarung von 



Bierwiirzen vermittelst veschiedener Heferassen gebildeten 
Sauren. {Ibid,) 

— Die Beziehungeu des osmotischen Druckes zu dem Leben 



der Hefe uud den Garungserscheinungen. {Ibid., 1896. — 
Centralbl. f. Bakt., Par. u. Inf., 2. Abt., Bd. ii., 1896.) 

Rapp, R. : Einfluss des Sauerstoftes auf garende Hefe. (Ber. der 
deutsch. chem. Ges., Bd. xxix., 1896.) 

Raymann and Kruis : Chemisch-biologische Studien. 1. lu II. 

(Mitt. d. Versuchsstat. f. Spiritusind. in Prag, 1892 u. 1895.) 

On fermentation products evolved by saccharomycetes, on the 
oxidation of the aloohol formed by films of the saccharomycetes, and 
on the formation of amyl alcohol by saccharomycetes. 

Rebss, M. : Botanische Untersuchungeu iiber die Alkoholgarungs- 
pilze. Leipzig, 1870. 

RoTHENBACU, F, I Die Dextrin vergarende Hefe, Schizosaccharo- 
niyces Ponibe und ihre eventuelle Einfiihrung in die Praxis. 
(Zeitschr. f. Spiritusind., 1896.) 

Salamon, a. Gordon : Cantor Lectures on Yeast ; its Morphology 
and Culture. London, 1888. 

ScHiBWBK, 0. : Uber 8ak6, das Nationalgetrauk der Japaner, und 
die bei seiner Bereitung wirksainen Pilze. (Beilage zum 
Jahresbericht der evangel ischen Realschiile I.) Breslau, 
1897. 

Uber neue Erfahrungen auf dem (xebict der Sakeberei- 

tung, 1898. 

ScHiONNiNG, H. : Nouvelle et singuli^re formation d'ascus dans une 
levfire. (Compt. rend, des travaiix du laborat. de Carlsberg, 
Tom. iv., livr. i., 1895.) 
See also Klocker. 
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ScHMiTZ, F. : (Jber die Zellkeme der Thallophyten. (Sitzungsber. 
d. Niederrhein. Ges., 1879, 4. Aug.) 

Seifert, W. : Uber den Urspniug der Hefe. Creschichtliche Dar- 
stellung der Hefefrage. Klostemeuburg, 1897. (Also in 
*• Weinlaube ".) 

Seiter, O. : Stiidieu iiber die Abstammang der Saccharomjceten 
und Uiitcrsuchiiiigen iiber Schizosaccharomyces octosporus. 
Erlangen, 1896. (Abstract in : Bayer. Brauer-Jouru., 1896, 
Nr. 13, and in: Centralbl. f. Bakt., Par. u. Inf., 2. Abt., 
Bd. ii., 1896, Nos. 9, 10, 11.) 

DB Seynes, J. : Sur le raycoderma vini. (Compt. rend, de TAcad. 
des Sc, Tom. Ixvii., 1868. — Ann. d. sc. nat. Bot., 10. S^r., 
Tom. v., 1869.) 

V. Skerst : Beitrage zur Keuntuis des Dematiam pullulans, de 
Bary. (Wochenschr. f. Brauerei, 1898, No. 27.) 

SoLDAN, C. : Die (iesamtarbeitsleistung der Hefen Saaz, Frohberg 
und Logos in Saccharose-, Dextrose- und Maltoselosuug 
unter verschiedenen Versuchs- uud Ernahrungsbedingungeu. 
(Bayer. Brauer-Journ., 1898, Nr. 47 if.) 

VAN TiEGHEM I Nouvellcs rccherches sur les Mucorin6es. (Ann. 
d. sc. nat., 6. S6r., Tom. i., 1875.) 

Troisieme m^moire sur les Mucorin^es. (Ibid,, Tom. iv., 

1878.) 

VAN TiEUHKM ot Le Monnier : Recherches sur les Mucorin^es. 
(//>k/., b. Sen, Tom. xvii., 1873.) 

VuYi^sTKKE, J. : Kin Beitrag zur Kntwicklungsgeschichte der 
Mischsaaten von Saccharomyceten. (Zeitschr. f. d. ges. 
Brauw., 1888, Nr. 24; 1889, Nr. 1.) 

\Va(;er, H. : The Nucleus of the Yeast Plant. (Annals of Botany, 
Vol. xii., 1898, No. 48.) 

Ward, H. Marshall : The Ginger-beer Plant and the Organisms 
Composing it. (Phil. Trans, of the Royal Soc. of London, 
Vol. clxxxiii., 1892.) 

Wehmer, C. : Beitiiige zur Kenntnis einheimischer Pilze, Heft 2, 
Jena, 1895.) 

Penicillium, Mucor and Botrytis. 
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.Wehmbr, C. : Uber die Yerfliissigung der Gelatiue durch Pilze. 
(Chem. Ztg., 1895, No. 91.) 

Aspergillus Oryzic, der Pilz der japanischen Sak^brauerei. 

(Centralbl. f. Bakt., Par. u. Inf., 2. Abt., Bd. i., 1895.) 

Sak6brauerei und Pilzverzuckerung. (Ibid.) 

Uber einige neue Aspergillus- Arten. (Botan. Ceutralbl., 



1899, No. 51.) 

Welbminsky, F. : Uber Sporeubildung bei Dematiurn puUulans, 
de Bary. (Centralbl. f. Bakt., Par. u. Inf., 2. Abt., 1899, 

Nr. 9.) 

Went, F. A. F. C, and Prinsbn Gberligs, H. C. : Beobachtungen 

iiber die Hefearteu und zuckerbildenden Pilze der Arrak- 

. fabrikation. Amsterdam, 1895. (Also in Verb. d. koninkl. 

Akad. V. Wetensch. te Amsterdam, 2. S6r., Tom. iv., Nr. 2.) 

WiLHELM, K. : Beitrage zur Kenntnisder Pilzgattung Aspergillus. 
Berlin, 1877. 

Will, H. : Ober Sporen- und Kahmhautbildung bei Unterhefe. 
(Zeitschrift f. d. ges. Brauw., 1887, No. 16.) 

Uber das naturlicbe Vorkommen von Sporeubildung in 

Brauereien. (Ibid., No. 17.) 

tJber eine wilde Hefe, welche dem Biere einen bitteren 



Geschmack giebt. (Ber. d. wissensch. Stat. Miinchen, 1889.) 
Zwei Hefearteu, welche abnorme Veranderungen im Bier 



veranlassen. (Zeitschr. f. d. ges. Brauw., 1891, Nr. 7, 8.) 
Uber die Wirkung einiger Desinfektionsmittel auf Hefe. 



(Ibid., 1893, 1894.) 

Vergleichende Untersuchungen an vier untergarigen 



Arten von Bierhefe. (Ibid., 1895, 1898, 1899.) 

Uber einen ungeformten Eiweisskorper, welcher der unter- 



garigen Bierhefe beigemengt ist, und dessen Beziehung zu 
dem sogenannten gelatinosen Netzwerk, welches beim 
Eintrocknen der Bierhefe entsteht, nebst einigen Beobach- 
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shape and structure of, 187. 

— glucase, 218. 
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— preservation of, 118. 
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ike effects of fatigue ^ stimulants^ depressants and poisons are alike in the organic and 
inorganic f and demonstrate that the response phenomena in the * living ' have been 
foreshadowed in the * non-living*. 
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NATURAL PHILOSOPHY FOR GENERAL READERS 

AND YOUNG PEOPLE. With 7 Plates. 632 Woodcuts, and an Appendix 
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HENDERSON,— ELEMENTARY PHYSICS. By John 
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or, with Answers, 2s. The Worked Solutions of the Problems, as, 

JPC/LL£J\r.—UECHAKlCS: Theoretical, Applied, and Experi- 
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MURRAy. — A't^ INTRODUCTORY COURSE IN DIF- 
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Answers to Exercises. Crown Bvo., is. 6d. 
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Smith, M.A. Containing Books i to 6, and portions of Books xi and 12, of 
Euclid, with Exercises and Notes. Crown 8vo., y. M. Key, crown 8vo., 
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WINTER.— ELEMENTARY GEOMETRICAL DRAWING. 
By S. H. Winter. 

Part I. Including Practical Plane Geometry, the Construction of 

Scales, the Use of the Sector, the Marquois Scales, and the Protractor. 
With 3 Plates and loco Exercises and Examination Papers. Post 8vo., 5^. 



1 2 Scientific ^Vorks published by Longmans^ Green^ £r Co, 



TRIGONOMETRY. 
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ELEMENTARY Pl^NE TRIGONOMETRY. With numerous 

Examples and Examination Papers set at the Royal Na\-al College in recent 
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Instructor in Mathematics in Cornell l/niversity. Crown 8vo., 35. dd. With 
Logarithmic and Trigonometric Tables. Crown 8vo., 5J. 
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AND HEAT. By Joseph S. Dexter, B.Sc. (Lond.), Physics Master, 
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Clerk, Member of the Institution of Civil Engineers, Fellow of the Chemical 
Society, Member of the Royal Institution, Fellow of the Institute of Patent 
Agents. With 238 Illustrations. 8vo., 15J. 
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Illustrations. 8vo., ^. 
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STROMEYER,— MARINE BOILER MANAGEMENT AND 

CONSTRUCTION. Being a Treatise on Boiler Troubles and Rqoairs, 
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Council of the Institution of Naval Architects, etc. With 45a Diagrams, etc. 
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ARCHITECTURE, BUILDING CONSTRUCTION, ETC. 

ADVANCED BUILDING CONSTRUCTION. By the Author 

of ' Rivingtons' Notes on Building Construction '. With 385 Illustrations. 
Crown 8vo. , 4J. 6d. 

BC/RRELL,— BUILDING CONSTRUCTION. By Edward J. 

BuRRELL, Second Master of the People's Palace Technical School, London. 
With 303 Working Drawings. Crown Bvo. , aj. 6d. 

G WILT,— AN ENCYCLOPEDIA OF ARCHITECTURE. 

By Joseph Gwilt, F.S.A. Revised (1888), with Alterations and Considerable 
Additions by Wyatt Papworth. With 1700 Engravings. 8vo., 21s, net. 

PARKER AND UNWIN,— THE ART OF BUILDING A 

HOME : A Collection of Lectures and Illustrations. By Barry Parker and 
Raymond Unwin. VV'ith 68 Full-page Plates. 8vo, lor. 6d. net. 

RICHARDS.— BKlCKLAYmO AND BRICKCUTTING. By 

H. W. Richards, Examiner in Brickwork and Masonry to the City and Guilds 
of London Institute, Head of Building Trades Department, Northern Poly- 
technic Institute, London, N. With over 200 Illustrations. 8vo., y. 6d. 
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ARCHITECTURB, BUILDING CONSTRUCTION, ETC. -G>nh'nue<l. 

Sfi/>Z><9iV:— BUILDER'S WORK AND THE BUILDING 

TRADES By Col H. C. Sbddon, R.E.. late Superintending Engineer, 

H.M.'s Dockyard, Portsmouth; Examiner in Building Construction, Science 

and Art Department, South Kensington. With numerous Illustrations. 
Medium 8va, x6i. 

YALDEjR.— BOOK OF TABLES, giving the Cubic Contents of 

from One to Thirty Pieces Deals, Battens and Scantlings of the Sizes usually 
imported or used in the Building Trades, together with an Appendix showing a 
large number of sizes, the Contents of which may be found by referring to the 
aforesaid Tables. By Thomas Valder. Oblong 4to., 6s. net. 

mVINCTONS' COURSE OF BUILDING CONSTRUCTION. 

NOTES ON BUILDING CONSTRUCTION. Arranged to meet 

the requirements of the syllabus of the Board of Education. Medium 8vo. 

Part I. Elementary Stage. With 552 Illustrations, 9^. net. 

Part II. Advanced Stage. With 479 Illustrations, 9J. net. 

Part III. Materials. Course for Honours. With 188 Illustra- 
tions, i&r. net. 

Part IV. Calculations for Building Structures. Course for 

Honours. With 551 Illustrations, ly. net. 



ELECTRICITY AND MAGNETISM. 

ARRHENIUS.—h, TEXT-BOOK OF ELECTROCHEMIS- 
TRY. By SvANTK Arrhenius, Professor at the University of Stockholm. 
Translated from the German Edition by John McCrae, Ph.D. With 58 
Illustrations. 8vo., 95. td. net. 

C.^^C/'^-fr/Z^C^^.— ELECTRO-DYNAMICS : the Direct- 
Current Motor. By Charles Ashley Carus-Wilson, M.A. Cantab. With 
71 Diagrams, and a Series of Problems, with Answers. Crown Bvo., 75. dd. 

CUA£M/I\^G.— ELECTRICITY TREATED EXPERIMEN- 
TALLY. By LlNNiEUS CUMMING, M.A. With 242 Illustrations. Cr. Bvo. , 4s. 6d, 

/>^ K— EXERCISES IN ELECTRICAL AND MAGNETIC 

MEASUREMENTS, with Answers. By R. E. Day. i2mo.. 35. 6if. 

FITZGERALD.— THE SCIENTIFIC WRITINGS OV THE 

LATE GEORGE FRANCIS FITZGERALD. Sc.D.. F.R.S.. F.R.S.E., 
Fellow of Trinity College, Dublin. Collected and Edited, with an Historical 
Introduction, by Joseph Larmor, Scc.R.S., Fellow of St. John's College, 
Cambridge. With P(jrt.'ail. 8vo., i^s. 

GORE.— THE ART OF ELECTRO-METALLURGY, including 

all known Processes of Electro- Deposit ion. By G. Gore, LL.D.. F. R.S. With 
56 Illustrations. Fcp. 8vo., 6s. 

^^AZ^J^i^^SCPiV:— WorksbyJOHNHENDERSON,D.Sc.,F.R.S.E. 
PRACTICAL ELECTRICITY AND MAGNETISM. With 

159 Illustrations and Diagrams. Crown 8vo., 6s. 6d. 

PRELIMINARY PRACTICAL MAGNETISM AND ELEC- 
TRICITY. Crown 8vo., is. 
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ELECTRICITY AND MAQNETISilll— <^)»M/iVtafMf. 

/^iVX/iV:— ELECTRICITY AND MAGNETISM. By Fleeming 

Jenkin, F.R.S., M.I.C.E. With 177 Illustrations. Fcp. 8vo., y. 6d. 

/O C/BJSI^T.— ELEMEl^TARY TREATISE ON ELECTRICITY 

AND MAGNETISM. Founded on Joubkrt's * Trait* tWmentaire d'^lcc- 
tricit*'. By G. C. Foster, F.R.S., and E. Atkinson, Ph.D. With lUus- 
trations. Crown 8vo. [New Edition in the Press. 

/<9yC^.— EXAMPLES IN ELECTRICAL ENGINEERING. 

By Samuel Joyce, A.I.E.E. Crown 8vo., $s, 

MACLEAN AND MA/^CIfAJVT.—ELEUE}iTARY QUES- 
TIONS IN ELECTRICITY AND MAGNETISM. With Answers. Com- 
piled by Magnus Maclean. D.Sc.. M.I.E.E.. and E. W. Marchant, D.Sc, 
A. I. E. E. Crown 8vo. , i j. 

Af£/^/^/F/£LL>.— MAGNETISM AND DEVIATION OF THE 

COMPASS. By John Merrifield, LL.D., F.R.A.S., x8mo.. a^. 6d. 

A4^i?.— PRACTICAL ELECTRICAL TESTING IN PHYSICS 

AND ELECTRICAL ENGINEERING. By G. D. Aspinall Parr. Assoc. 
M.I.E.E. With 231 Illustrations. 8vo.. 8j. 6d, 

PO KSiffi?.— Works by A. W. POYSER, M.A. 

MAGNETISM AND ELECTRICITY. With 235 Illustrations. 

Crown 8vo. , is. 6d. 

ADVANCED ELECTRICITY AND MAGNETISM. With 

317 Illustrations. Crown 8vo. , 4/. 6d. 

RHODES.— AN ELEMENTARY TREATISE ON ALTER- 
NATING CURRENTS. By W. G. Rhodes. M.Sc. (Vict.). Consulting 
Engineer. With 80 Diagrams 8vo., ys. 6d. net. 

SLINGO AND BROOKER.—V^OT\is by W. SLINGO and A. 
BROOKER. 

ELECTRICAL ENGINEERING FOR ELECTRIC LIGHT 

ARTISANS AND STUDENTS. With 371 Illustrations. Crown 8vo., I2J. 

PROBLEMS AND SOLUTIONS IN ELEMENTARY 

ELECTRICITY AND MAGNE TISM. With 98 Illustrations. Cr. 8vo. , ax. 

TFiVZ^^ZZ.— VVorksbyJOHNTYNDALI^D.C.L.,F.R.S.Seep.36. 



TELEGRAPHY AND THE TELEPHONE. 

^6>/'/r/iV6'. — TELEPHONE LINES AND THEIR PRO- 
PERTIES. By William J. Hopkins, Professor of Physics in the Drexel 
Institute, Philadelphia. Crown 8vo., dr. 

FREECE AND SI FE PVR/G HT.-TELEGRAFHY. By Sir W. 

H. Preeck. K.C.B., F.R.S., V.P.Inst., C.E., etc., Consulting Engineer and 
Electrician, Post Office Telegraphs ; and Sir J. Sivkwright, K.C.M.G. , General 
Manager, South African Telegraphs. With 267 Illustrations. Fcp. 8vo., 6s. 
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ENGINEERING, STRENGTH OF MATERIALS, ETC. 

ANDERSON.— THE STRENGTH OF MATERIALS AND 

STRUCTURES : the Strength of Materials as depending on their Quality and 
as ascertained by Testing Apparatus. By Sir J. Anderson. C.E., lL.D., 
F.R.S.E. With 66 Illustrations. Fcp. 8vo., y. 6d. 

BARRY.— RAILWAY APPLIANCES: a Description of Details 

of Railway Construction subsequent to the completion of the Earthworks and 
Structures. By Sir John Wolfe Barry. K.C.B., F.R.S., M.I.C.E. With 
218 Illustrations. Fcp. Bvo.. 4J. 6d. 

DIPLOCK.—A NEW SYSTEM OF HEAVY GOODS TRANS- 
PORT ON COMMON ROADS. By Braham Joseph Diplock. With 
27 Illustrations. Bvo. 

G^(?(9Z>il/:^A:— MECHANICS APPLIED TO ENGINEERING. 

By John Goodman, Wh.Sch. , A-M.I.C. E., M.I.M.E., Professor of Engineering 
in the Yorkshire College, Leeds (Victoria University). With 620 Illustrations 
and numerous Examples. Crown 8vo. , ^s. 6d, net. 

LOW. — A POCKET-BOOK FOR MECHANICAL EN- 
GINEERS. By David Allan Low (Whitworth Scholar), M.I.Mech.E., 
Professor of Engineering, Kast Tendon Technical College (People's Palace), 
London. With over 1000 specially prepared Illustrations. Fcp. 8vo. , gilt edges, 
rounded comers, js. 6d. 

PARKINSON— lAGWT RAILWAY CONSTRUCTION. By 
Richard Marion Parkinson. Assoc. M.Inst.CE. With 85 Diagrams. 
8vo., lor. 6d. net. 

5J//7W;— GRAPHICS, or the Art of Calculation by Drawing 

Lines, applied especially to Mechanical Engineering. By Robert H. Smith, 
Professor of Engineermg, Mason College, Birmingham. Part I. With 
separate Atlas of 29 Plates containing 97 Diagrams. 8vo. , 15^. 

STONE Y.—TH^E. THEORY OF STRESSES IN GIRDERS 

AND SIMILAR STRUCTURES; with Practical Observations on the 
Strength and other Properties of Materials. By BiNDON B. Stoney, LL.D., 
F.R.S., M. I.e. E. With 5 Plates and 143 Illust. in the Text Royal 8vo. , 36J. 

C/NW/N— Works by W. CAWTHORNE UNWIN, F.R.S., B.Sc. 
THE TESTING OF MATERIALS OF CONSTRUCTION. 

A Text-book for the Engineering Laboratory and a Collection of the Results 
of Experiment. With 5 Plates and 188 Illustrations and Diagrams. 8vo., 
i6i. net. 

ON THE DEVELOPMENT AND TRANSMISSION OF 

POWER FROM CENTRAL STATIONS : being the Howard Lectures 
delivered at the Society of Arts in 1893. With 81 Diagrams. 8vo., los. net. 

/i^^i?i?^iV.— ENGINEERING CONSTRUCTION IN IRON, 

STEEL, AND TIMBER. By William Henry Warren, Challis Professor 
of Civil and Mechanical Engineering, University of Sydney. With 13 Folding 
Plates and 375 Diagrams. Royal 8vo. , 16s. net. 

WHEELER.— THE SEA COAST : Destruction, Littoral Drift, 

Protection. By W. H. Wheeler, M.Inst. C.E. With 38 Illustrations kh^ 
Diagram. M^ium 8vo., 10^. 6</. net. 
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LONGMANS' CIVIL ENGINEERING SERIES. 
CIVIL ENGINEERING AS APPLIED TO CONSTRUCTION. 

By Leveson Francis Vkrnon-Harcourt, M.A., M.Inst.C.E. With 368 
Illustmtions. Medium 8vo., 141. net 

Contents.— Mmterialt, Preliminary Works, Foundmtiont and Roada— Railway Bridge and 
Tonnel Engineering— River and Canal Engineering— Irrigation Worka^Dock Works and 
Maritime Engineering— Sanitary Engineering. 

NOTES ON DOCKS AND DOCK CONSTRUCTION. By C. 

COLSON, C.B., M.Inst.C.E. With 365 Illustrations. Medium 8vo., 21s. net. 

CALCULATIONS IN HYDRAULIC ENGINEERING: a 

Practical Text-Book for the use of Students. Draughtsmen and Engineers. By 
T. Claxton Fidler, M.Inst.C.E. 

Part I. Fluid Pressure and the Calculation of its Effects in En- 
gineering Structures. With numerous lUustns. and Examples. 8vo.,6f. 6d. net. 

Part 11. Calculations in Hydro- Kinetics. With numerous Illus- 
trations and Examples. 8va, 7s, 6d, net. 

RAILWAY CONSTRUCTION. By W. H. Mills, M.LC.E., 

En^neer-in-Chief of the Great Northern Railway of Ireland. With 516 Illus- 
trations and Diagrams. 8vo. , i&r. net. 

PRINCIPLES AND PRACTICE OF HARBOUR CON- 
STRUCTION. By William Shield, F. R.S.E. , M. Inst.C.E. With 97 Illus- 
trations. Medium 8vo., 151. net. 

TIDAL RIVERS: their (i) Hydraulics, (2) Improvement, (3) 

Navigation. By W. H. Whkklkr, M.Inst.C.E. With 75 Illustrations. 
Medium 8vo., its. net. 



MACHINE DRAWING AND DESIGN. 

LO IV.— \Works by DAVID ALLAN LOW, Professor of Engineer- 
ing, East London Technical College (People's Palace). 

IMPROVED DRAWING SCALES. 6d. in case. 

AN INTRODUCTION TO MACHINE DRAWING AND 

DESIGN. With 153 Illustrations and Diagrams. Crown 8vo, a^. 6d. 

LOIV AND BE VIS.— h MANUAL OF MACHINE DRAWING 
AND DESIGN. By David Allan Low and Alfred William Bevis, 
M.I.Mech.E. With 700 Illustrations. 8vo., 7/. 6</. 

UNW/N.—TU-E. ELEMENTS OF MACHINE DESIGN. By 
W. Cawthorne Unwin, F.R.S. 

Part I. General Principles, Fastenings, and Transmissive 

Machinery. With 345 Diagrams, etc. Fcp. 8vo., 7s. 6d, 

Part II. Chiefly on Engine Details. With 259 Illustrations. 

Fcp. 8vo., 6f, 
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NAVAL ARCHITECTURE. 

A TTIV00I>.— TEXT-BOOK OF THEORETICAL NAVAL 

ARCHITECTURE : a Manual for Students of Science Classes and Draughts- 
men Engaged in Shipbuilders' and Naval Architects' Drawing Offices. By 
Edward Lewis Attwood, Assistant Constructor, Royal Navy. With 1x4 
Diagrams. Crown 8vo., 7s, 6d. 

lVATSOJ\r.— NAVAL ARCHITECTURE : A Manual of Laying- 

off Iron, Steel and Composite Vessels. By Thomas H. Watson, Lecturer on 
Naval Architecture at the Durham College of Science, Newcastle-upon-Tyne. 
With numerous Illustrations. Royal 8vo., ly, net. 

WORKSHOP APPLIANCES, ETC. 

I\rO/^TIf CO IT.— LATHES AND TURNING, Simple, Mecha- 
nical and Ornamental. By W. H. Northcx>tt. With 338 Illustrations. 8va,z8if. 

5^^ZZJ5:K— WORKSHOP APPLIANCES, including Descrip- 
tions of some of the (jauging and Measuring Instruments, Hand-cutting Tools, 
Lathes, Drilling, Planeing, and other Macmne Tools used by Engineers. By 
C. P. B. Shellky, M.I.C.E. With an additional Chapter on NfiUing by R. 
R. Lister. With 323 Illustrations. Fcp. Svo. , 5;. 

MINERALOGY, MINING, METALLURGY, ETC. 

BAC/£/^MAM— Works by HILARY BAUERMAN, F.G.S. 
SYSTEMATIC MINERALOGY. With 373 Illustrations. 

Fcp. Svo. , 6j. 

DESCRIPTIVE MINERALOGY. With 236 Illustrations. 

Fcp. 8vo., 6s, 

BREARLEY and IBBOTSON. — THE ANALYSIS OF 

STEEL-WORKS MATERIALS. By HARRY Brearley and Frkd 
iBBOTSONy B.Sc. (Lond.), Demonstrator of Micrographic Analysis, University 
College, Sheffield. With 85 Illustrations. 8vo., 145. net. 

GORE,— THE ART OF ELECTRO-METALLURGY. By G. 

GORS, LL.D., F.R.S. With 56 Illustrations. Fcp. 8vo.. 6j. 

HUNTING TON and AP MILL AN, —METALS : their Properties 

and Treatment. By A. K. Huntington, Professor of Metallurgy in King's 
College, London, and W. G. M'Millan, Lecturer on Metallurgy in Mason's 
College, Birmingham. With 122 Illustrations. Fcp. 8vo., 7s. 6d, 

LUPTON— Works by ARNOLD LUPTON, M.I.C.E., F.G.S., etc. 
MINING. An Elementary Treatise on the Getting of Minerals. 

With 506 Diagrams and Illustrations. Crown Svo. , gs. net. 

A PRACTICAL TREATISE ON MINE SURVEYING. 

With 209 Illustrations. 8vo., 12s. net. 

i?^^-4Z>.— METALLURGY. By E. L. Rhead, Lecturer on 

Metallurgy at the Municipal Technical School, Manchester. With 94 Illustra- 
tions. Fcp. Svo. , y. 6d. 

RHEAD AND SEXTON— ASSAYmO AND METALLUR- 
GICAL ANALYSIS for the use of Students. Chemists and Assayers. By E. L. 
Rhead, Lecturer on Metallurgy, Municipal School of Technology, Manchester ; 
and A. Humboldt Sexton, F.I.C, F.C.S., Professor of Metallurgy, Glasgow 
and West of Scotland Technical College. 8vo., xoj. 6d. net 

RUTLEY,— THE STUDY OF ROCKS: an Elementary Text- 
book of Petrology. By F. Ritfley, F.G.S. With 6 Plates and 88 other Illus- 
trations. Fcp. Svo. , 4J. td. 
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ASTRONOMY, NAVIGATION, ETC. 

^^^(^TT.— ELEMENTARY THEORY OF THE TIDES: 

the Fundamental Theorems Demonstrated without Mathematics and the In- 
fluence on the Length of the Day Discussed. By T. K. Abbott, B.D.. Fellow 
and Tutor, Trinity College, Dublin. Crown 8va, aj. 

BALL.—WoTks by Sir ROBERT S. BALL, LL.D., F.R.S. 

ELEMENTS OF ASTRONOMY. With 130 Figures and Dia- 
grams. Fcp. 8va, 6s. 6d. 

A CLASS-BOOK OF ASTRONOMY. With 41 Diagrams. 

Fcp. 8vo., IS. 6d. 

C/ZZ.— TEXT-BOOK ON NAVIGATION AND NAUTICAL 

ASTRONOMY. By J. GiLL, F.R.A.S., late Head Master of the Liverpool 
Corporation Nautical College. 8va , lor. 6d. 

GOOD IV/N.— AZIMUTH TABLES FOR THE HIGHER 

DECLINATIONS. (Limits of DedinaUon 24*' to 30", both inclusive.) 
Between the Parallels of Latitude 0° and 6o^ With Examples of the Use of 
the Tables in English and French. By H. B. Goodwin. Naval Instructor. 
Royal Navy. Royal 8vo. , 7s. 6d. 

IfEI^SCIf£L.—OVTLlliES OF ASTRONOMY. By Sir John 

F. W. Herschbl, Bart, K.H., etc. With 9 Plates and numerous Diagrams. 
8vo., xaj. 

LAUGHTON.—K^ INTRODUCTION TO THE PRAC- 
TICAL AND THEORETICAL STUDY OF NAUTICAL SURVEYING. 
ByJOHNKNOxLAUGHTON,M.A.,F.R.A.S. With 35 Diagrams. Crown8va,6j. 

LOWELL. — MARS. By Percival Lowell, Fellow American 

Academy, Member Royal Asiatic Society, Great Britain and Ireland, etc. 
With 24 Plates. 8vo., la;. td. 

ilf^^TTA^— NAVIGATION AND NAUTICAL ASTRONOMY. 

Compiled by Staff Commander W. R. Martin, R.N. Royal 8vo., i8j. 

MERRIFJELD.—k TREATISE ON NAVIGATION. For 

the Use of Students. By J. Mkrrifikld, LLD., F.R.A-S., F.M.S. With 
Charts and Diagrams. Crown 8vo. , 5J. 

A^^A'^^.— ELEMENTS OF ASTRONOMY. With Numerous 

Examples and Examination Papers. By George W. Parker, M.A., of 
Trinity College, Dublin. With 84 Diagrams. 8vo. , 55. dd. net. 

^-£:^^.— CELESTIAL OBJECTS FOR COMMON TELE- 

SCOPES. By the Rev. T. W. Webb, M.A., F.R.A.S. Fifth Edition, 
Revised and greatly Enlarged by the Rev. T. E. E^spin, M.A-, F.R.A-S. jTwo 
Volumes.) Vol. I., with Portrait and a Reminiscence of the Author, 2 Plates, 
and numerous Illustrations. Crown Bvo., ts. Vol. II., with numerous Illustra- 
tions. Crown 8va , dr. td. 
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WORKS BY RICHARD A. PROCTOR. 

THE MOON : Her Motions, Aspect, Scenery, and Physical 

Condition. With many Plates and Charts, Wood Engravings, and 2 Lunar 
Photographs. Crown 8vo. , y. 6d. 

OTHER WORLDS THAN OURS: the Plurality of Worlds 

Studied Under the Light of Recent Scientific Researches. With 14 Illustrations ; 
Map, Charts, etc Crown 8vo. , y. 6d, 

OUR PLACE AMONG INFINITIES : a Series of Essays con- 

trasting our Little Abode in Space and Time with the Infinities around us. 
Crown 8vo., y, 6d, 

MYTHS AND MARVELS OF ASTRONOMY. Crown 8vo., 

y. 6d, 

LIGHT SCIENCE FOR LEISURE HOURS : Familiar Essays 

on Scientific Subjects, Natural Phenomena, etc. Crown 8vo., y. 6d. 

THE ORBS AROUND US ;' Essays on the Moon and Planets, 

Meteors and Comets, the Sun and Coloured Pairs of Suns. Crown 8vo. , y. 6d, 

THE EXPANSE OF HEAVEN : Essays on the Wonders of the 

Firmament. Crown 8vo. , y. 6d, 

OTHER SUNS THAN OURS : a Series of Essays on Suns— Old, 

Young, and Dead. With other Science Gleanings. Two Essays on Whist, 
and Correspondence with Sir John Herschel. With 9 Star-Maps and Diagrams. 
Crown 8va , y, 6d. 

HALF-HOURS WITH THE TELESCOPE : a Popular Guide 

to the Use of the Telescope as a means of Amusement and Instruction. With 
7 Plates. Fcp. 8vo. , ai. 6d, 

NEW STAR ATLAS FOR THE LIBRARY, the School, and 

the Observatory, in Twelve Circular Maps (with Two Index-Plates). With an 
Introduction on the Study of the Stars. Illustrated by 9 Diagrams. Cr. 8vo. , y, 

THE SOUTHERN SKIES: a Plain and Easy Guide to the 

Constellations of the Southern Hemisphere. Showing in za Maps the position 
of the principal Star-Groups night alter night throughout the year. With an 
Introduction and a separate Explanation of each Map. True for every Year. 
4to., y, 

HALF-HOURS WITH THE STARS : a Plain and Easy Guide 

to the Knowledge of the Constellations. Showing in 12 Maps the position of 
the principal Star-Groups night after night throughout the year. With Intro- 
duction and a separate Explanation of each Map. True for every Year. 
4to., y, net. 

LARGER STAR ATLAS FOR OBSERVERS AND STUDENTS. 

In Twelve Circular Maps, showing 6000 Stars, 1500 Double Stars, Nebulae, etc 
With 2 Index-Plates. Folio, ly. 
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WORKS BY RICHARD A. PROCTOR-OwMtiMef. 

THE STARS IN THEIR SEASONS: an Easy Guide to a 

Knowledge of the Star-Groups. In X2 Large Maps. Imperial 8va, 5;. 

ROUGH WAYS MADE SMOOTH. Familiar Essays on 

Scientific Subjects. Crown Sva, y. 6d. 

PLEASANT WAYS IN SCIENCE. Crown 8vo., 3^. 6d. 
NATURE STUDIES. By R. A. Proctor, Grant Allen, A. 

Wilson, T. Foster, and E. Clodd. Crown 8vo., y, 6d, 

LEISURE READINGS. By R. A. Proctor, E. Clodd, A. 

Wilson, T. Foster, and A. C. Ran yard. Crown 8vo., y, 6d, 



PHYSIOGRAPHY AND GEOLOGY. 

^/i?Z>.— Works by CHARLES BIRD, B.A. 

ELEMENTARY GEOLOGY. With Geological Map of the 

British Isles, and 247 Illustrations. Crown 8vo., 2J. 6d. 

ADVANCED GEOLOGY. A Manual for Students in Advanced 

Classes and for General Readers. With over ^oo Illustrations, a Geologica] 
Map of the British Isles (coloured), and a set of Questions for Examination. 
Crown 8vo., 7s. 6d, 

GREEN.^VYLYSICAL GEOLOGY FOR STUDENTS AND 

GENERAL READERS. By A. H. Green, M.A., F.G.S. With 236 Illus- 
trations. BVO., 21 J. 

MORGAN.— V^oxks by ALEX. MORGAN, M.A., D.Sc, F.R.S.E. 
ELEMENTARY PHYSIOGRAPHY. Treated Experimentally. 

With 4 Maps and 243 Diagrams. Crown 8vo. , 2i. 6d, 

ADVANCED PHYSIOGRAPHY. With 215 Illustrations. 

Crown Bvo., 45. 6d, 

TB'ORJVTOM— Works by J. THORNTON, M.A. 

ELEMENTARY PRACTICAL PHYSIOGRAPHY. 

Part I. With 215 Illustrations. Crown 8vo., 2s, 6d. 
Part II. With 98 Illustrations. Crown Svo., 2s, 6d, 

ELEMENTARY PHYSIOGRAPHY: an Introduction to the 

Study of Nature. With 13 Maps and 295 Illustrations. With Appendix on 
Astronomical Instruments and Measurements. Crown 8vo., aj. 6d. 

ADVANCED PHYSIOGRAPHY. With 11 Maps and 255 

Illustrations. Crown 8vo., 4J. 6d, 
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NATURAL HISTORY AND GENERAL SCIENCE. 

*^^DAIiD.— THE STRUCTURE AND CLASSIFICATION 

OF BIRDS. By Frank E. Bkddard, M.A., F.R.S., Prosector and Vice- 
Secretary of the Zoological Society of London. With 252 Illus. 8vo., 21s. net. 

^C7J^JVjEAC/X,— Works by WILLIAM FURNEAUX, F.R.G.S. 
THE OUTDOOR WORLD ; or, The Young Collector's Hand- 

book. With z8 Plates, 16 of which are coloured, and 549 Illustrations in the 
Text Crown 8vo. , dr. net. 

LIFE IN PONDS AND STREAMS. With 8 Coloured Plates 

and 331 Illustrations in the Text. Crown 8vo. , 6s. net. 

BUTTERFLIES AND MOTHS (British). With 12 Coloured 

Plates and 241 Illustrations in the Text. Crown 8vo., 6s. net. 

ffC/DSON.— BRITISH BIRDS. By W. H. Hudson, C.M.Z.S. 

With 8 Coloured Plates from Original Drawings by A. Thorburn, and 8 Plates 
and 100 Figures by C. K, Lodge, and 3 Illustrations from Photographs. 
Crown 8vo., 6s. net. 

MILZAIS,— THE NATURAL HISTORY OF THE BRITISH 

SURFACE-FEEDING DUCKS. By John Guille Millais, F.Z.&, etc. 
With 6 Photogravures and 66 Plates (41 in colours) from Drawings by the Author 
Archibald Thorburn, and from Photographs. Royal 4to., £6 6s. net 

J^ANSJEJSr. — THE NORWEGIAN NORTH POLAR EX- 
PEDITION, 1893-1896: Scientific Results. Edited by Friutjop Nansen. 

Volume I. With 44 Plates and numerous Illustrations in the Text Demy 

4to. , 40J. net. 
Contents: The Fram— The Jurassic Fauna of Cape Flora. With a Geological Sketch 
*MUpe Flora and its Neighbourhood— Fossil Plants from Franz Josef Land— An Account of 
the Birdt-— CrusUcea. 

Volume II. With 2 Charts and 17 Plates. Demy 4(0., 30;. net. 
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Volume III. With 33 Plates. Demy ^tc, 32J. net. 
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Sorbce Tentioa of Liquids. 

STANLEY.— k FAMILIAR HISTORY OF BIRDS. By E. 

Stanley, D.D., formerly Bishop of Norwich. With 160 Illustrations. Crown 
8va, y. 6d 
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CROSS AND BE VAN.—WotVs by C. F. CROSS and E. J. BEVAN. 
CELLULOSE : an Outline of the Chemistry of the Structural 

Elements of Plants. With reference to iheir Natural History and Industrial 
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Crown 8vo., i2J. net. 
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MORRIS AND WILKINSON.— TU^ ELEMENTS OF COT- 
TON SPINNING. By JOHN MoRRis and F. Wilkinson. With a Preface 
by Sir R. A. Dobson, C.E., M.I.M.E. With 169 Diagrams and Illustrations. 
Crown 8vo. , js. td, net. 

y?/C^^i?/:>5.— BRICKLAYING AND BRICK-CUTTING. By 

H. W. Richards, Examiner in Brickwork and Masonry to the City and Guilds 
of London Institute, Head of Building Trades Department, Northern Poly- 
technic Institute, I^ndon, N. With over 300 Illustrations. Med. 8vo., y» di. 

T^ VLOR,— COTTON WEAVING AND DESIGNING. By 

John T. Taylor. With 373 Diagrams. Crown 8vo., js. 6d. net. 

WATTS.— AN INTRODUCTORY MANUAL FOR SUGAR 

GROWERS. By Francis Watts, F.C.S., F.I.C. With 90 Illustrations. 
Crown 8\'0. , 6j. 

HEALTH AND HYGIENE. 

^5^^ K— HEALTH IN THE NURSERY. By Henry Ashby, 

M.D., F.R.C.P. W^ith 25 Illustrations. Crown Svo., y. net. 

BUCKTON—HEKLTU in the house. By Mrs. C. M. 

BucKTON. With 41 Woodcuts and Diagrams. Crown Svo., aj. 

CORFIELD.—TU^ LAWS OF HEALTH. By W. H. Cor- 

FIELD, M.A., M.D. Fcp. Svo., is. 6d. 

FC/RNEA l/X.—El.FMENTARY PRACTICAL HYGIENE.— 

S<»ciion I. By William S. Furneaux. W^ith 146 Illustrations. Cr. Svo., 2s. 6d, 

NOTTER and firth.— \\ox\is by J. L, NOTTER, M.A., M.D., 
and R. H. FIRTH, F.R.C.S. 

HYGIENE. With 95 Illustrations. Crown 8vo., y. 6d. 

PRACTICAL DOMESTIC HYGIENE. With 83 Illustrations. 

Crown Svo., 2J. 6d. 

PO ORE. —Works by GEORGE VIVIAN POORE, M.D. 
ESSAYS ON RURAL HYGIENE. Crown Svo., 6s, 6d. 
THE DWELLING-HOUSE. With 36 Illustrations. Crown 

Svo., 3J. 6rf. 

THE EARTH IN RELATION TO THE PRESERVATION 

AND DESTRUCTION OF CONTAGIA : being the Milroy Lectures 
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Pa)X'rs on Sanitation. With 13 Illustrations. Crown Svo., 5^. 

WILSON— A MANUAL OF HEALTH-SCIENCE. By 

Andrkvv Wilson. F.R.S.E., F.L.S., etc. With 74 Illustrations. Crown 
Svo. , 2J. 6d. 
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MEDICINE AND SURGERY. 

ASHBY AND WRIGHT.— TU^ DISEASES OF CHILDREN, 

MEDICAL AND SURGICAL. By Henry Ashby, M.D., Lond., F.R.C.P., 
Physician to the General Hospital for Sick Children. Manchester ; and G. A. 
Wright, B.A., M.B. Oxon., F.R.C.S., Eng. , Assistant-Surgeon to the Man- 
chester Royal Infirmary, and Surgeon to the Children's Hospital. Enlarged 
and Improved Edition. With 19a Illustrations. 8vo., 25;. 

JEJVNETT.— Works by Sir WILLIAM BENNETT, K.C.V.O., 
F.R.C.S., Surgeon to St. George's Hospital; Member of the 
Board of Examiners, Royal College of Surgeons of England. 

CLINICAL LECTURES ON VARICOSE VEINS OF THE 

LOWER EXTREMITIES. With 3 Plates. 8vo.. 6i. 

ON VARICOCELE ; A PRACTICAL TREATISE. With 4 

Tables and a Diagram. 8vo., 5^. 

CLINICAL LECTURES ON ABDOMINAL HERNIA: 

chiefly in relation to Treatment, including the Radical Cure. With 12 Dia- 
grams in the Text. 8vo. , 8j. 6d. 

ON VARIX, ITS CAUSES AND TREATMENT, WITH 

ESPECIAL REFERENCE TO THROMBOSIS. Bvo., 35. 6d. 

THE PRESENT POSITION OF THE TREATMENT OF 

SIMPLE FRACTURES OF THE LIMBS. 8vo., ar. 6d. 

LECTURES ON THE USE OF MASSAGE AND EARLY 

PASSIVE MOVEMENTS IN RECENT FRACTURES AND OTHER 
COMMON SURGICAL INJURIES: The Treatment of Internal Derange- 
ments of the Knee Joint and Management of Stiff Joints. With 17 
Illustrations. 8vo. , 6s. 

BENTLEY.—K TEXT-BOOK OF ORGANIC MATERIA 

MEDICA. Comprising a Description of the Vegetable and Animal Drugs of 
the British Pharmacopoeia, with some others in common use. Arranged 
Systematically, and Elspecially Designed for Students. By Robert Bentley, 
M.R.C.S. Eng., F.LS. With 62 Illustrations on Wood. Crown 8vo., ^s. 6d, 

CABOT.— k GUIDE TO THE CLINICAL EXAMINATION 

OF THE BLOOD FOR DIAGNOSTIC PURPOSES. By Richard C. 
Cabot, M.D., Phvsician to Out-patients, Massachusetts General Hospital. 
With 3 Coloured Plates and a8 Illustrations in the Text 8vo., i6j. 

CARR, PICK, DO RAN, and DUNCAN.— THE PRACTI- 

TIONER'S GUIDE. By J. Walter Carr, M.D. (Lond.), F.R.C.P. ; 
T. Pickering Pick, F.R.C.S. ; Alban H. G. Dor an, F.R.C.S. ; Andrew 
Duncan. M.D., B.Sc. (I^nd.), F.R.C.S., M.R.C.P. Bvo., 21J. net 

C^ZZ/.— MALARIA, ACCORDING TO THE NEW RE- 

SEARCHES. By Prof. Angelo Celli, Director of the Institute of Hygiene, 
University of Rome. Translated from the Second Italian Edition by John 
Joseph Eyre, M.R.C.P., L.R.C.S. Ireland, D.P.H. Cambridge. With an 
Introduction by Dr. Patrick Manson, Medical Adviser to the Colonial Office. 
8vo., iQf. 6d. 
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CHEYNE AND BURGHARD.—K MANUAL OF SURGICAL 

TREATMENT. By W. Watson Chkyne, C.B.. M.B,, F.R.C.S., F.RA, 
Professor of Surgery in King's College, London, Surgeon to Icing's CoUegv 
Hospital, etc. ; and F. F. Burghard, M.D. and M.S., F.R.C.S., Teacher of 
Practical Surgerv in King's College, London, Surgeon to King's College^ 
Hospital (Lond.), etc. 

Part L The Treatment of General Surgical Diseases, including 

Inflammation, Suppuration, Ulceration, Gangrene, Wounds and their Compfi- 
cations. Infective Diseases and Tumours ; tl^ Administration of Ana&stheOes. 
With 66 Illustrations. Royal 8vo. , los. 6d, 

Part n. The Treatment of the Surgical Affections of the Tissues, 

including the Skin and Subcutaneous Tissues, the Nails, the Lymphatic 
Vessels and Glands, the Fasciae, Bursse, Muscles, Tendons and Tendon- 
sheaths, Nerves, Arteries and Veins. Deformities. With 141 Illustrations. 
Royal 8vo., 145. 

Part in. The Treatment of the Surgical Affections of the Bones. 

Amputations. With 100 Illustrations. Royal 8vo., isj. 

Part IV. The Treatment of the Surgical Affections of the Joints 

(including Excisions) and the Spine. With 138 Illustrations. Royal 8va , 143. 

Part V. The Treatment of the Surgical Affections of the Head, 

P^ace, JavrTs, Lips, Lamyx and Trachea ; and the Intrinsic Diseases of the 
Nose, Ear and Larynx, by H. Lambert Lack. M.D. (Lond.), F.R.C.S., 
Surgeon to the Hospital for Diseases of the Throat, Golden Square, and t» 
the Throat and Ear Department, The Children's Hospital, Paddington 
Green. With 145 Illustrations. Royal 8vo., i8j. 

Part VI. Section I. The Treatment of the Surgical Affections of 

the Tongue and Floor of the Mouth, the Pharynx, Neck, GCsophagus, Stomach 
and Intestines. With 124 Illustrations. Royal 8vo., i8j. 

Section II. The Treatment of the Surgical Affections of 

the Rectum, Liver, Spleen, Pancreas, Throat, Breast and Geni to-urinary 
Organs. With Illustrations. Royal 8vo. [/« preparation. 

CL^/^ATE.— POST-MORTEM EXAMINATIONS IN MEDICO- 
LEGAL AND ORDINARY CASES. With Special Chapters on the Legal 
Asp)ecis of Post-mortems, and on Certificates of Death. By J. Jackson 
Clarke, M.B. Lond., F.R.C.S., Assistant Surgeon at the North-west London 
and City Orlhopaedic Hospitals, etc. Fcp. 8vo. , 2j. 6d. 

COATS.— A MANUAL OF PATHOLOGY. By Joseph 

Coats, M.D. , late Professor of Pathology in the University of Glasgow. 
Fourth Edition. Revised throughout and Edited by Lewis R. Sutherland, 
M.D. , Professor of Pathology, University of St. Andrews. With 490 Illustra- 
tions. 8vo., 31 J. 6d. 

COOKE.— WorVs by THOMAS COOKE, F.R.C.S. Eng., B.A., 
B.Sc, M.I)., Paris. 

TABLETS OF ANATOMY. Being a Synopsis of Demonstra- 
tions given in the Westminster Hospital Medical School. Eleventh Editkm 
in Three Paris, thoroughly brought up to date, and with over 700 Illustra- 
tions from all the best Sources, British and Foreign. Post 4to. 

Part I. The Bones. 71. 6d. net. 

Part II. Limbs, Abdomen, Pelvis, los. 6d. net. 

Part III. Head and Neck, Thorax, Brain. io.f. 6d. net. 
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<:00/C£.-'WoTks by THOMAS COOKE {continued). 

APHORISMS IN APPLIED ANATOMY AND OPERATIVE 

SURGERY. Including 100 Typical vivd voce Questions on Surface Marking, 
etc Crown 8vo., y. 6d: 

I>AKIN.—K HANDBOOK OF MIDWIFERY. By William 

Radford Dakin, M.D., F.R.C.P., Obstetric Physician and Lecturer on 
Midwifery at St George's Hospital, etc. With 394 Illustrations. Large 

crown 8va , i&r. 
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J)ICKIN SON, —Vforks by W. HOWSHIP DICKINSON, M.D. 
Cantab., F.R.C.P. 

ON RENAL AND URINARY AFFECTIONS. With 12 

Plates and 122 Woodcuts. Three Parts. 8vo., £^ 4J. 6d. 

THE TONGUE AS AN INDICATION OF DISEASE: 

being the Lumleian T^ectures delivered March. 1888 8vo., 75. 6d. 

OCCASIONAL PAPERS ON MEDICAL SUBJECTS, 1855- 

1896. 8vO., I2i. 

MEDICINE OLD AND NEW. An Address Delivered on 

the Occasion of the Opening of the Winter Session, 1899-1900. at St George's 
Hospital Medical School, on 2nd October, 1899. Crown 8vo., 2s. 6d. 

DUCKWORTH,— \\0T\is by Sir DYCE DUCKWORTH, M.D., 
LL.D., Fellow and Treasurer of the Royal College of Phy- 
sicians, etc. 

THE SEQUELS OF DISEASE : being the Lumleian Lectures, 

1896. 8vo.. los. 6d. 

THE INFLUENCE OF CHARACTER AND RIGHT 

JUDGMENT IN MEDICINE : the Harveian Oration, 1898. Post 4to. 
2J. 6d. 

ERICHSEN.—THE SCIENCE AND ART OF SURGERY; 

a Treatise on Surgical Injuries. Diseases, and Operations. By Sir John Eric 
Erichsen, Bart., F.R.S.. LL.D. Edin., Hon. M.Ch. and F.R.C.S. Ireland. 
Illustrated by nearly 1000 Engravings on Wood. 2 vols. Royal 8vo. , 48^. 

FOWLER AND GODLEE.—TH'E. DISEASES OF THE 
LUNGS. By James Kingston Fowler, M.A., M.D., F.R.C.P., Physician 
to the Middlesex Hospital and to the Hospital for Consumption and Diseases 
of the Chest, Brompton, etc. ; and Rickman John Godlee, Honorary Surgeon 
in Ordinary to His Majesty, M.S., F.R.C.S., Fellow and Ptofessor of Clinical 
Surgery, Lniversity College, London, etc. With 160 Illustrations. 8vo., 25J. 
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G A RROD, —\Vor\is by Sir ALFRED BARING GARROD, 
M.D., F.R.S., etc. 

A TREATISE ON GOUT AND RHEUMATIC GOUT 

(RHEUMATOID ARTHRITIS). With 6^ Plates, comprising ai Figures 
(14 Coloured), and 27 Illustrations engraved on Wood. 8vo., au. 

THE ESSENTIA!^ OF MATERIA MEDICAAND THERA- 
PEUTICS. Crown 8vo., 12s. 6d, 

GOADBV.—THE MYCOLOGY OF THE MOUTH : a Text- 
Book of Oral Bacteria. By Kenneth W. Goadby, L.D.Sw (Eng.), 
D.P.H. (Caiiib.), L.R.C.P., M.R.C.S., Bacteriologist and Lecturer on Bacteri- 
ology, National I>ental Hospital, etc. With numerous Illustrations. 8va 

GOODSALL AND il//Z^5.— DISEASES OF THE ANUS AND 

RECTUM. Bv D. H. Goodsall, F.R.C.S., Senior Surgeon. Metropolitan 
Hospital ; Senior Surgeon, St. Mark's Hospital ; and W. Ernest MiLEfr, 
F.R.C.S., Assistant Surgeon to the Cancer Hospital. Surgeon (out-patients)» 
to the Gordon Hospital, etc. (In Two Parts.) Part L With 91 Illustrations. 
Bvo., 7i. 6</. net. 

GRA y.— ANATOMY, DESCRIPTIVE AND SURGICAL. By 

Henry Gray, F.R.S.. late Lecturer on Anatomy at St.. George's Hospital 
Medical School. The Fifteenth Edition Enlarged, edited by T. Pickering 
Pick, F.R.C.S., Consulting Surgeon to St George's Hospital, etc, and by 
Robert Howden . M. A , M. R , C. M. , Professor of Anatomy in the Univenity of 
Durham, etc. With 772 Illustrations, a large proportion of which are Coloured, 
the Arteries being coloured red, the Veins blue, and the Nerves yellow. The 
attachmenls of the muscles to the bones, in the section on Osteology, are 
also shown in coloured outline. Royal 8vo., 32*. net. 

HALLIBURTON.— \\oxV.s by W. I). HALLIBURTON, M.D., 
F.R.S., Professor of Physiology in King's College, London. 

A TEXT-BOOK OF CHEMICAL PHYSIOLOGY AND 

PATHOLOGY. With 104 Illustrations. 8vo., 28i. 

ESSENTIALS OF CHEMICAL PHYSIOLOGY. With 77 

Illustrations. 8vo., 5J. 

LANG.— THE METHODICAL EXAMINATION OF THE 

EYE. Being Part I. of a Guide to the Practice of Ophthalmology for Students 
and Practitioners. By William Lang. F.R.C.S. Eng. , Surgeon to the Royal 
London Ophthalmic Hospital, Moorfields, etc. With 15 niustretions. 
Crown 8vo., y. 6d 

Z67^^— TEXT- BOOK OF FORENSIC MEDICINE AND 

TOXICOLOGY. By Arthur P. Luff, M.I>., B.Sc, (Lond.), Physidan 
in Charge of Out-Patients and Lecturer on Medical Jurisprudence and 
Toxicology in St. Mary's Hospital. With 13 full-page Plates (* m colours) and 
33 Illustrations in the Text. 2 vols. Crown Bvo., 245% 
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LIVERPOOL UNIVERSITY PRESS PUBLICATIONS, THE. 

The Thomson Yates Laboratories Reports. Physiology; Path- 
ology ; Bacteriology ; Tropical Medicine ; Hygiene. Edited bv Rupert 
BoYCE and C. S. Sherrington. With Plates and Illustrations in the text. 
Demy 4ta Vol I., 1898-9, loi. 6d. ; Vol. II., 1898-9, 2Cj. ; Vol. III., Part I.,. 
1000, js. 6d, ; Vol. III., Part II., 1901, lar. 6c/. ; Vol. IV., Part I., 1901, 20s. ; 
Vol IV., Part II., 1902, 21 J. 

THE LIVERPOOL 8CN00L OF TROPICAL MEDICINE MEMOIRS. 

With Plates and Illustrations in the text. Demy 4*0. 

' I. Malarial Fever : Its Cause, Prevention and Treatment. Con- 
taining full details for the use of Travellers, Sportsmen, Soldiers, and Residents- 
in Malarious Places. By Ronald Ross, C.B., F.R.S., F.R.C.S. Ninth 
Edition, Revised and Enlarged. With Frontispiece. 8vo., as. 6d. 

II. Report of the Malaria Expedition to West Africa, August, 1899. 

By Ronald Ross, C.B., F.R.S., F.R.C.S., H. E. Annett, M.D., D.P.H. 
and E. E. Austen. With Supplementary Reports by Major G. M. Giles,. 
M.B. and R. Fielding-Ould, M.R 21s.- 

III. Report of the Malaria Expedition to Nigeria. Part I. Ma- 
larial Fever, etc. By H. E. Annett, M.D., J. Everett Dutton, M.B. 
and J. H. Elliott, M.D. 10s. 6d. 

IV. Report of the Malaria Expedition to Nigeria. Part IL 
Filariasis. By H. E. Annett, M.D., J. Everett Dutton, M.B. and J. H. 
Elliott, M.D. 15?. 

V. Part I. First Progress Report of the Campaign against 

Mosquitoes in Sierra Leone (1901). By Ronald Ross, C.B., F.R.C.S.^ 
F.R.S. 8vo., IS. 

VII. Report of the Yellow Fever Expedition to Par;l (1900). By 
H. E. DiniHAM, M.B., F.R.C.S., and the late Walter Myers, M.B. 
4to., 75. 6d. 

MISCELLANEOUS. 

Notes on Sanitary Conditions obtaining in Para. By the Members 
OF THE Yellow Fever Expedition. 8vo., if. 

PAGET.— l^dWt^ by STEPHEN PAGET. 

SELECTED ESSAYS AND ADDRESSES. 'By Sir JAMES 

PAGET. 8vo., I2J. td. net. 

MEMOIRS AND LETTERS OF SIR JAMES PAGET, Bart., 

g^ F. R, S. , D.C. L. , late Sergeant-Surgeon to Her Majesty Queen Victoria. With 
6 Portraits (3 Photogravures) and 4 other Illustrations. 8vo., 12s. 6d. net. 

/vex.— SURGERY : a Treatise for Students and Practitioners. 

By T. Pickering Pick, Consulting Surgeon to St. George's Hospital ; Senior 
Surgeon to the Victoria Hospital for Children ; H.M. Inspector of Anatomy in 
England and Wales. With 441 Illustrations. Medium 8vo., 25;. 

POOLE.— COOKERY FOR THE DIABETIC. By W. H. and 

Mrs. Poole. With Preface by Dr. Pavy. Fcap. 8vo., aj. 6d. 

PROBYN- WILLIAMS.— A PRACTICAL GUIDE TO THE 

ADMINISTRATION OF ANESTHETICS. By R. J. Probvn- Williams, 
M.D., Anaesthetist and Instructor in Anaesthetics at the London Hospital ; 
Lecturer in Anaesthetics at the London Hospital Medical College, etc. With 
34 Illustrations. Crown 8vo.. 4^. 6d. net. 
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^C7i4/N.— QUAIN'S (Sir Richard) DICTIONARY OF MEDI- 
CINE. By Various Writers. Third Edition. Edited by H. Montague 
Murray, M.D., F.R.C.P., Joint Lecturer on Medicine, Channg Cross Medical 
School, and Physician to Chit-Patients. Charing Cross Hospital ; assisted by 
John Harold, M.B., B.Ch., B.A.O.. Physician to St. John's and St. Elisa- 
beth's Hospital ; and W. Cecil Bosanquet, M.A., M.D.. M.R.C.P., 
Physician to Out-Patients, Victoria Hospital for Children, Chelsea. With 
21 Plates (14 in Colour) and numerous Illustrations in the Text. 8vo., 2Zi. 
net, buckram ; or 30;. net, half-morocco. 



QUAIN,—q}^K\W^ (JONES) ELEMENTS OF ANATOMY. 

The Tenth Edition. Edited by Edward Albert Schafer, F.R.S. . Professor 
of Physiology in the University of Edinburgh ; and George Dancer Thanb, 
Professor of Anatomy in University College, London. 



Vol. I., Part 1. EMBRYOLOGY. 

By E. A. Schafer, F.R.S. With! 

900 Illustrations. Royal 8vo. . ox. 
Vol. I., Part II. GENERAL ANA- 1 

TOMY OR HISTOLOGY. By E. 

A. SchXfer, F.R.S. With 291 

Illustrations. Royal 8vo., laj. 6d. 
Vol. II., Part I. OSTEOLOGY— 

ARTHROLOGY. ByG.D. Thane. 

With 224 Illus. Royal 8vo., iiJ. 
Vol. II.. Part II. MYOLOGY— 

ANGEIOLOGY. ByG.D. Thane. 

With 199 Illustrations. Royal 8vo. , 

idf. 
Vol. III.. Part I. THE SPINAL 

CORD AND BRAIN. By E. A. 

Schafer, F.R.S. With 139 Illus- 
trations. Royal Svo., laj. 6</, 



Vol. III., Part II. THE NERVES. 
By G. D. Thane. With loa 
Illustrations. Roj^l Svo., 91. 

Vol. III., Part III. THE ORGANS 
OF THE SENSES. By E. A. 
SchXfer, F.R.S. With 178 Illus- 
trations. Royal 8vo., 9J. 

Vol. III., Part IV. SPLANCH- 
NOLOGY. By E. A- SchXfer. 
F.R.S, and JOHNSON Symington, 
M.D. With 337 Illustrations. Royal 
8vo.. i6j. 

Appendix. SUPERFICIAL AND 
SURGICAL ANATOMY. By 
Professor G. D. Thane and Pro- 
fessor R. J. Godlf.e, M.S. With 
29 Illustrations. Royal 8vo., 6j. td. 



SCHAFER.— Works by E. A. SCHAFER. F.R.S., Professor of 
Physiology in the University of Edinburgh. 

THE ESSENTIALS OF HISTOLOGY. Descriptive and 

Practical. For the Use of Students. With 463 Illustrations. 8vo., gs. net 

DIRECTIONS FOR CLASS WORK IN PRACTICAL 

PHYSIOLOGY : Elementary Physiology of Muscle and Nerve and of the 
Vascular and Nervous Systems. With 48 Diagrams and 24 pages of plain 
paper at end for Notes. 8vo., 3^. net. 



SMALE AND C6>Z K£:y?.— DISEASES AND INJURIES OF 

THE TEETH, including Pathology and Treatment. By Morton Smale, 
M.R.C.S., L.S.A. , L.D.S., Dental Surgeon to St. Mary's Hospital, Dean of 
the School, Dental Hospital of London, etc. ; and J. F. Colyer, L.R.C.P., 
M.R.C.S., L.D.S., I>enial Surgeon to Charing Cross Hospital and to the 
Dental Hospital of London. Second Edition Revised and Enlarged by J. F. 
Colyer. With 640 Illustrations. Large crown 8vo., 21J. net. 
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SMITH {H. F.).—i:ilE HANDBOOK FOR MIDWIVES By 

Hbnsy Fly Smith, B. A. , M. B. Oxon. , M. R.C.S. 41 Woodcuts. Cr. 8vo. , 5J. 

STEVENSON,— SNOIJ'^D^ IN WAR: the Mechanism of their 

Pi eduction and their Treatment. By Surgeon-Colonel W. F. Stevenson 
(Army Medical Staff), A.B., M.B., M.Ch. Dublin University, Professor of 
Military Surgery, Army Medical School, Netley. With 86 Illustrations. Svo. , i%s. 

TAPPEINER, — INTRODUCTION TO CHEMICAL 

METHODS OF CLINICAL DIAGNOSIS. By Dr. H. Tappeiner. 
Professor of Pharmacology and Principal of the Pharmacological Institute xA 
the University of Munich. Translated by Edmond J. McWernry, M.A. , M.D. 
(Royal Univ. of Ireland), L.R.C.P.I., etc. Crown Svo., y. td, 

WALLER,— ^otVs by AUGUSTUS D. WALLER, M.D., 
Lecturer on Physiology at St. Mary's Hospital Medical School, 
London ; late External Examiner at the Victorian University. 

AN INTRODUCTION TO HUMAN PHYSIOLOGY. Third 

Edition, Revised. With 314 Illustrations. 8vo., i8i. 

LECTURES ON PHYSIOLOGY. First Series. On Animal 

Electricity. 8vo., ss. net. 



VETERINARY MEDICINE, ETC. 

EITZWYGRAM^-UOR^E^ AND STABLES. By Lieut.- General 

Sir F. FiTZWYGRAM, Bart. With 56 pages of Illustrations. 8vo., y, net. 

.Sr^^Z.— Works by JOHN HENRY STEEL, F.R.C.V.S., F.Z.S., 
A.V.D., late Professor of Veterinary Science and Principal of 
Bombay Vetennary College. 

A TREATISE ON THE DISEASES OF THE DOG; being 

a Manual of Canine Pathology. Elspecially adapted for the use of Veterinary 
Practitioners and Students. With 88 Illustrations. 8vo., 105 td, 

A TREATISE ON THE DISEASES OF THE OX ; being a 

Manual of Bovine Pathology. Kspecially adapted for the use of Veterinary 
Practitioners and Students. With 2 Plates and 1 17 Woodcuts. 8vo. ly. 

A TREATISE ON THE DISEASES OF THE SHEEP ; being 

a Manual of Ovine Prtthology for the use of Veterinary Practitioners and 
Students. With Coloured Plate and 99 Woodcuts. 8vo., 11s. 

YOC/A7T.— Works by WILLIAM YOUATT. 
THE HORSE. With 52 Wood Engravings. 8vo., 7 J. 6d. 
THE DOG. With 33 Wood Engravings. 8vo., 6s, 
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ASUB y.^NOTES ON PHYSIOLOGY FOR THE USE OF 

STUDENTS PREPARING FOR EXAMINATION. By Henry Ashbt. 
M.D. Lond., F.R.C.P., Physician to the General Hospital for Sick Childreo, 
Manchester; formerly Demonstrator of Physiology, Liverpool School of 
Medicine. With 148 Illustrations. x8mo.. 5^. 

^^^iV^ 7-7:— THE MAKING OF THE BODY : a Children's 

Book on Anatomy and Physiology. By Mrs. S. A. Barnett. With X13 Illus- 
trations. Crown Svo. . is. gd. 

£EDDARD.—\NotVs, by FRANK E. BEDDARD, M.A. Oxon. 
ELEMENTARY PRACTICAL ZOOLOGY. With 93 Illustra- 

tions. Crown 8vo., 2^. 6d. 
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With 352 Illustrations. Svo., a\s. net. 

£IDGOOD,—k COURSE OF PRACTICAL ELEMENTARY 

BIOLOGY. By John Bidgood, B.Sc., F.L.S. With 336 Illustrations. 
Crown Svo. , 41. 6</. 

^(95iE:.— RESPONSE IN THE LIVING AND NON-LIVING. 

By jAGADis Chunder Bose, M.A. (Cantab.), D.Sc. (Lond.), Professor, Presi- 
dency College. Calcutta. With 117 Illustrations. Svo., zar. td. 
*^ This volume describes experimental investigations on animal^ vegetable and 
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BRODIE. — THE ESSENTIALS OF EXPERIMENTAL 

PHYSIOLOGY. For the Use of Students. By T. G. Brodie, M.D., 
Lecturer on Physiology, St. Thomas's Hospital Medical School. With a 
Plates and 177 Illustrations in the Text. 8vo., 6j. (>d. 

CHAPMAN.— 1:VlY. FORAMINIFERA : An Introduction to the 
Study of the l^otoroa. By Frederick Chapman, A.L.S., F.R.M.S. 
With 14 Plates and 42 Illustrations in the Text. 8vo., 9J. net. 

FURNEAVX.—\i\^M.k^ PHYSIOLOGY. By W. Furneaux, 

F.R.G.S. With ai8 Illustrations. Crown Svo., 2J. 6rf. 

HUDSON AND GOSSE.— THE ROTIFERA, or *WHEEL- 

ANIMACULES'. By C. T. Hudson, LL.D., and P. H. Gosse, F.R.S. 
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JfACAL/STER. — Works by ALEXANDER MACALISTER, 
M.D. 
AN INTRODUCTION TO THE SYSTEMATIC ZOOLOGY 

AND MORPHOLOGY OF VERTEBRATE ANIMALS. With 41 
Diagrams. 8vo., lor. 6d. 

ZOOLOGY OF THE INVERTEBRATE ANIMALS. With 

59 Diagrams. Fcp. 8vo., is. 6d. 

ZOOLOGY OF THE VERTEBRATE ANIMALS. With 77 

Diagrams. Fcp. 8vo., is. 6d, 
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MACDOUGAL. — y^oi\is by DANIEL TREMBLY MAC- 
DOUGALL, Ph.D., Director of the Laboratories of the New 
York Botanical Garden. 

PRACTICAL TEXT-BOOK OF PLANT PHYSIOLOGY. 

With 159 Illustrations. 8vo., js. 6d. net. 

ELEMENTARY PLANT PHYSIOLOGY. With 108 Illustra- 

tions. Crown 8vo. , y. 

MOOjRE.—ELFMENTARY physiology. By Benjamin 
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School. With 125 Illustrations. Crown 8vo., y. 6d. 

AfO/^ G A J\r.— ANIMAL BIOLOGY : an Elementary Text-Book. 

By C. Lloyd Morgan, F.R.S., Principal of University College, Bristol. With 
103 Illustrations. Crown Svo. , 8j. 6d. 

SCIfAFEJ^,— DIRECTIONS FOR CLASS WORK IN PRAC- 
TICAL PHYSIOLOGY : Elementary Physiology of Muscle and Nerve and of 
the Vascular and Nervous Systems. By E. A. SchXfer, LL.D., F.R.S., 
Professor of Physiology in the University of Edinburgh. With 48 Diagrams. 
8vo., 3i. net. 

TffOI^NTOJ\r,— Works by JOHN THORNTON, M.A. 

HUMAN PHYSIOLOGY. With 267 Illustrations, some 

Coloured. Crown 8vo., 6s. 
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BACTERIOLOGY. 

cujRT/s.—tre essentials of practical bacteri- 
ology : An Elementary Laboratory Book for Students and Practitioners. By 
H. J. Curtis, B.S. and M.D. (Lond.), F. R.C.S. With 133 Illustrations. 8vo. , 9*. 

DHINGRA.—AN INTRODUCTION TO [BACTERIOLOGY. 

(Specially designed for Indian Medical Students.) By M. L. Dhingra. 
M.D.D.P.H. 

/^^y^iV^Z^A^i?.— MICRO-ORGANISMS IN WATER. To- 
gether with an Account of the Bacteriological Methods involved in their 
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Sanitary Aspects of Wafer-Supply. By Percy Frankland, Ph.D., aSc 
(Lond.), F.R.S., and Mrs. Percy Frankland. With 2 Plates and Numerous 
Diagrams. 8vo., \ts. net. 

FRANKLAND.— ^AC\ER\ A IN DAILY LIFE. By Mrs. 
Percy Frankland, F.R.M.S. Crown 8va 

GOADBY.—TYiE MYCOLOGY OF THE MOUTH: A Text- 
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Bacteriologist and Lecturer on Bacteriology, National Dental Hospital, etc. 
With numerous Illustrations. 8vo. 
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•"■ BACTKRIOLOOY-CtoitAittrwf. 

.y^rk'FR — FERMENTATION ORGANISMS IN THE 

^'^ THEOKYAND PRACTICE OF THE ALCOHOLIC FERMENTATION 
INUL'STRV, with special reference to the Construction and Work of Labora- 
tories for the Physiology and Technology of Fermentation. By Alb. 
KlOckkr. Translated by G. E. Allan, B.Sc., and J. H. Millar. F.LC. 
With 146 Illustrations in the text. 8vo. 
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^/TX^A^. — ELEMENTARY TEXT-BOOK OF BOTANY. 

By Edith Aitken, late Scholar of Girton College. With 400 Diagrams. 
Crown 8vo., 4^. 6(/. 

BENNETT and iff C^i?i^^ K— HANDBOOK OF CRYPTO- 

GAMIC BOTANY. By Alfred W. Bennett, M.A., B.Sc., F.L.S., Lecturer 
on Botany at St. Thomas's Hospital ; and George Murray. F.L.S.. Keeper 
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CROSS AND £EVAN,—\\ox\is by C. F. CROSS, E. J. BEVAN 
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£DAfON£>S.— Works by HENRY EDMONDS, B.Sc, London. 
ELEMENTARY BOTANY. With 342 Illustrations. Cr.8vo.,2j.W. 
BOl'ANY FOR BEGINNERS. With 85 Illustrations. Fcp. 
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FARMER.— A PRACTICAL INTRODUCTION TO THE 

STUDY OF BOTANY : Flowering Plants. By J. Bretland Farmer, F.R.S., 
M.A., Profossor of Boiany in the Royal College of Science, I^ondon. With 121 
Illustrations. Crown Svo, as. (xi. 

KITCHENER.— k YEAR'S BOTANY. Adapted to Home and 

School Use. By Frances A. Kitchener. With 195 Illustrations. Cr. 8vo., 5*. 

LINDLEY AND MOORE.— THE TREASURY OF BOTANY. 

Etiited by J. Ijnuley. M.D., F.R.S., and T. Mcx)RE, P\L.S. With 20 Steel 
Plates and numerous Woodcuts. Two parts. Fcp. 8vo., i2j. 

il/cA^^j^.— CLASS-BOOK OF BOTANY. By W. R. McNab. 

MORPHOLOGY AND PHYSI- 1 CLASSIFICATION OF PLANTS. 
OLOGY. With 42 Diagrams, j With 118 Diagrams. Fcp. 8vo., 
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SORA UER.—k POPULAR TREATISE ON THE PHYSIO- 
LOGY OF PLANTS. By Dr. Paul Sorauer. Translated by F. E. Weiss, 
B.Sc., F.L.S. With 33 Illustrations. 8vo., 9J. net. 
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THOME AND ^^iVWi^TT.— STRUCTURAL AND PHYSIO- 

LXX5ICAL BOTANY. By Otto Wilhelm THOiitf and by Alfred W. 
Bennett, B.Sc. . F. L.S. With Coloured Map and 600 Woodcuts. Fcp. 8vo. . 61. 

r^/^^^i?:— DISEASES OF PLANTS INDUCED BY 

CRYPTOGAMIC PARASITES. Introduction to the Study of Pathogenic 
Fungi, Slime Fungi, Bacteria and Algae. By Dr. Karl Freiherr von 
TUBBUP, Privatdocent in the University of Munich. English Edition t^ 
WiLUAM G. Smith, B,Sc., Ph.D., Lecturer on Plant Physiology, University 
of Edinburgh. With 330 Illustrations. Royal 8vo. , i&r. net. 

WATTS.— K SCHOOL FLORA. For the use of Elementary 

Botanical Classes. By W. Marshall Watts, D.Sc. Lond. Cr, 8vo., 21. 6(/. 



AGRICULTURE AND GARDENING. 
-r<Z>Z>Kil/'.^A^.— AGRICULTURAL ANALYSIS. A Manual of 

Quantitative Analvsis for Students of A^culture. By Frank T. Addyman, 
B.Sc. (Lond.), F.i.C. With 49 Illustrations. Crown 8vo., 5^. net. 

COLEMAN AND ADDYMAN, — Y'^^.CYXQKl. AGRICUL- 
TURAL CHEMISTRY. By J. Bernard Coleman, A.R.C.Sc., F.I.C, and 
Frank T. Addyman, B.Sc. (Lond.), F.I.C. With 24 Illustrations. Crown 
8vo. , I J 6</. net. 

HAGGARD.— \\'oxV% by H. RIDER HAGGARD. 

A FARMER'S YEAR : being his Commonplace Book for 1898. 

With 36 Illustrations by G. Leon Little and three others. Crown 8vo. , 
7J. W. net. 

RURAL ENGLAND. With Agricultural Maps and numerous 

Illustrations from Photographs, a vols. 8vo. 

WEATHERS. — K PRACTICAL GUIDE TO GARDEN 

PLANTS. Containing Descriptions of the Hardiest and most Beautiful 
Annuals and Biennials, Hardy Herbaceous and Bulbous Perennials, Hardy 
Water and Bog Plants, Flowering and Ornamental Trees and Shrubs, Conifers, 
Hardy Ferns, riardy Bamboos and other Ornamental Grasses; and also the 
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British Islands, with Full and Practical Instructions as to Culture and Propa- 
gation. By John Weathers, F.R.H.S., late Assistant Secretary to the Royal 
Horticultural Society, formerly of the Royal Gardens, Kew, etc. With 163 
Diagrams. 8vo., au. net. 

WEBB.—^ox)l% by HENRY J. WEBB, Ph.D., B.Sc. (Lond.). 
ELEMENTARY AGRICULTURE. A Text-Book specially 

adapted to the requirements of the Board of Education, the Junior 
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AGRICULTURE. A Manual for Advanced Science Students. 

With zoo Illustrations. Crown 8vo., ^s, 6d. net. 
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Vol. I.— The Constitution of Nature— Radiation— On Radiant Heat in Relation to the 
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STALL I C ACTION ; including the Question of Diamagnetic Polarity. Crown 

8V0. , 12S. 

NOTES OF A COURSE OF NINE LECTURES ON LIGHT, 
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Institution of Great Britain. 1870. Crown 8vo. , ir. 6d. 

LESSONS IN ELECIRICITV AT THE ROYAL INSTI 

TUT ION 1875-1876. With 58 Woodcuts and Diagrams. Crown Svo.. 2s. 6d 
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Wolfe Barry, K.C.B., F.R.S., 
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LYSIS. By T. E. Thorpe, C.B., 
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QUALITATIVE ANALYSIS AND 
LABORATORY PRACTICE. By 
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DESCRIPTIVE MINERALOGY. By 
Hilary Bauerman. F.G.S. , etc. 
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7J. 6t/. 
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TECHNICAL ARITHMETIC AND 
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I'HE STUDY OF ROCKS. By Frank 
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By W. Cawthorne Unwin, F.R.S., 
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With 345 Illustrations. Fcp. 8vo., 
7s. 61/. 
Part II. Chiefly on Engine De- 
i tails. With 259 Illustrations. 
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THEORETICAL MECHANICS. 
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M.A., F.R.A.S. With aao Illustra- 
tions, 130 Worked Examples, and 
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HEAT. By Mark R. Wright, Hon. 
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With 233 Illustrations. Cr. 8vo.. ts. 

MAGNETISM AND ELECTRICITY. 
By Arthur William PoYSER, M.A. 
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4i. 6</. 

INORGANIC CHEMISTRY, THEO- 
RETICAL AND PRACTICAL. 
By William J ago, F.C.S., F.l.C. 
With Plate of Spectra and 78 Wood- 
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GEOLOGY : a Manual for Studentt 
Advanced Classes and for 
Readers. By Charles Bird. B.A. 
(Lond. ). F. G. S. With over 300 Illni. 
trations, a Geological Map of tbe 
British Isles (coloured), and a set cf 
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HUMAN PHYSIOLOGY: a Manualfor 
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PHYSIOGRAPHY. By John Thorn- 
ton, M.A. With II Maps. 255 Uliis^ 
trations, and Coloured Map oTOoeaiii 
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AGRICULTURE. By Hbnry J. Wbbb,. 
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late Assistant Professor of Hygiene 
in the Army Medical School, Netlqr» 
Major, Royal Army Medical Corps;* 
With 95 Illustrations. Crown 8vo.» 
3^. 6d. 



ELEMENTARY SCIENCE MANUALS. 



* 



Written specially to meet the requirements of the ELEMENTARY STAGE 
OF SCIENCE SUByECTS ai laid down in the Syllabus of the Direc- 
tory of the BOARD OF EDUCATION. 
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GEOMETRICAL DRAWING FOR 
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METRY. By David Allan Low 
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; AN INTRODUCTION. TO MACHINR 
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David Allan Low. With 153 Illus- 
trations. Crown 8vo., 2J. 6t/. 



Scientific Works published by Longmans^ Green, &* Co, 39 



ELEMENTARY SCIENCE NiAHMAU^-OonHnued. 



BUILDING CONSTRUCTION AND 
DRAWING. By Edward J. 
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THEORETICAL MECHANICS. In- 
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By J. E. Taylor, M. A. , B.Sc. With 
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